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WELCOME 


I can’t remember the first 
time I looked at the Moon, 
nor when I realised that it 
was a hunk of rock rather 
than a ball of cheese. As 
far back as I can recall it 
has always been there, 

a fact as plain as the 

sky is blue, a constant 
companion as Earth 

falls through its orbit around the Sun. 

I suspect I’m not alone, nor that I’m the only 
one to have taken for granted what a marvellous 
world it really is — not just a silvery orb, but a place 
of intricate landscapes riddled with countless 
craters, lofty peaks and scything valleys. A 
world that never turns away from Earth, but 
looks different every single day. Yet in astronomy 
we have a habit of regarding our neighbour as 
something of a nuisance, its bright glare a barrier 
to the dimmer delights beyond. In this volume 
we will, I hope, show you why the Moon has 
enraptured the human race over the centuries. 

Patrick Moore’s Guide to the Moon is designed 
to help you explore our near neighbour. Within, 
yow’ll find the best of Sir Patrick Moore’s 
Moonwatch lunar observing columns, published 
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PATRICK'S PERSPECTIVES «, 


Yo Se 


Once a Moon man 


always a 
Moon man 


How a view through a telescope as a boy kindled 
a lite-long love of our planet’s only natural satellite 


had my first telescopic view of 
the Moon when I was seven 
years old. A family friend, I | . 
Major AE Levin, had his | 
observatory in Selsey and I went there Fy : Oe ee, ee ; ee 2 ee sy : ' : 
(long before I came to live there myself) men nome town O Ax WE aah Al 
to use his 6-inch refractor. The Moon 
was our first target; I looked through 
the eyepiece and saw the mountains, 
the craters and the valleys, obviously 
without understanding what they really 
were. I was fascinated, and I remember 
saying, “When I grow up I’m going to 
study the Moon.” I did. 

Of course, things were different in 
1930. We knew much less about the 
Moon than we do now; it was thought 
that the atmosphere might be substantial 
enough for thin clouds to form and that 
a certain amount of volcanic activity 
might linger on. Our ignorance was 
complete about the far side, which is 
always turned away from Earth. As 
for travel there — well, even after the 
end of the Second World War, one 
very senior astronomer, Richard van 
der Riet Woolley, made the categorical 
pronouncement that the whole idea of 
space travel was “utter bilge”. 

So to me, as a boy, the Moon seemed 
to be far out of reach. All the same, 

I wanted to find my way around. So 
when I acquired my 3-inch refractor 

in 1933, I set about it. That telescope 

cost £7.10/-. I saved up for it and it 
remains one of my treasured possessions. 

My observing and recording method 
worked for me, and I believe it will also 4 Patrick's first telescope remained a treasured possession throughout his life 


PATRICK MOORE X 2 
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4 Patrick’s sketch of crater Einstein on the lunar limb, drawn in August 1964 


work for other newcomers, so it seems 
worth passing on. 

Lunar formations seem to alter in 
appearance according to the changing 
angle of solar illumination, and this can 
be really confusing. The large walled 
plain Maginus provides a good example 
of this. When seen near the terminator it 
is imposing, with peaks in its wall casting 
long shadows across its floor, but under 
high illumination it is difficult to identify 
at all. It was once said that “the full Moon 
knows no Maginus”. Some craters with 
very dark floors (Plato, Billy, Grimaldi) or 
very bright walls (Aristarchus, Proclus) 
can be located whenever they are sunlit, 
but are exceptions rather than the rule. 

What I did was take an outline map 
and make a pious resolve to make three 
drawings of every named object under 
different lighting conditions. The whole 
project took me over a year. I still have 
those sketches. Scientifically, of course, 
they are of no value, but when I finished 
the project I could find my way around 
the Moon more easily than I could my 
then home town of East Grinstead. 

One lesson I learned during this 
project: don’t try to draw too large an 
area at the same time; concentrate upon 
one thing. For example, the great dark- 


floored crater Plato is 109km in diameter. 


When drawing it, make it at least an inch 
across. Do the main outline first, then 
change to a higher magnification and fill 
in the fine details. 


A new mare? 
Today, a telescope such as my 15-inch 
reflector can be used to take photographs 
of the Moon far better than any 
professional observatory could have 
managed only a few decades ago. CCDs 
and similar devices have revolutionised 
everything. I didn’t have CCDs, and 
depended on my eyes alone. But it was 
then possible for the amateur to make 
interesting discoveries and I thought I'd 
made two, though for one of them I later 
found out that I was 30 years too late. 
When I finally took off my RAF 
uniform in 1945, I returned to the 
Moon. I was lucky enough to be given 
access to really large refractors, notably 
the 33-inch at Paris, the 27-inch at 
Johannesburg and the Lowell 24-inch 
at Flagstaff in Arizona, but I still used 
the modest reflectors in my own 
observatory at East Grinstead (it was 
1967 before I settled down at Selsey). 
I concentrated on the formations right 
on the Moon’s limb, which are very 


foreshortened and are carried in and 

out of view depending on the libration. 
In the late 1940s I drew what seemed 

to be the edge of a mare, most of which 

was on the far side so that I could only 

see a tiny part of it— and then only under 

extreme libration. It wasn’t on the maps 

I had. I called it Mare Orientalis, the 

‘Eastern Sea’, and sent my results to the 

British Astronomical Association’s 

Lunar Section. I was convinced that 

I was the first to see it. But... I wasn’t. It 

is clearly shown in the map produced in 

1906 by the German astronomer Julius 

Franz — who also called it the Eastern Sea 

(because it lay at the eastern limb; much 

later the International Astronomical 

Union reversed east and west). Of course, 

we now have detailed maps of the far 

side, and that the Mare Orientale is a vast 

ringed structure, unlike anything else 

on the Moon. At about the same time, 

I drew the large limb crater now named 

Einstein (see the sketch on the left). 

I think I was probably the first to see 

this. Not that it matters! 


An enduring fascination 
At least my maps of the libration areas 
were used. The Russians asked me for 
them, and of course I sent them — they 
made me an honorary member of the 
USSR scientific society, and invited me 
to Moscow, despite the Cold War. I was 
an insignificant member of a very large 
team, but it was an exciting period, 
followed by the lunar landings. I was 
doing the TV commentaries during the 
Apollo missions; I was on the air when 
Apollo 8 carried men round the Moon 
for the first time. I was also broadcasting 
when Neil Armstrong made his “one 
small step” onto the barren rocks of the 
Sea of Tranquility. I can’t remember 

my exact words, and unfortunately the 
BBC have lost all the tapes, but it was a 
moment never to be forgotten. 

After Apollo, I concentrated my Moon 
observations on TLP, or transient lunar 
phenomena (a term I believe I invented). 
Much work remains to be done here, and 
there is no doubt that TLP are real; the 
Moon is not totally inert, though major 
upheavals belong to the remote past. The 
next stage will be the setting up of lunar 
bases, and the Moon will at last become 
a living world. 

At the age of 86, I cannot hope to 
see this, or to carry out much more 
observation, but my interest and 
enthusiasm are as great as ever. A Moon 
man I’ve always been; a Moon man I'll 
remain to the end of my days. 
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OUR CONSTANT 


COMPANION — 


A familiar sight in our skies from ancient times, the 
Moon is threaded through humanity’s history 


he source of our ocean tides, subtle 
chronobiological cycles and the 
only other world that humankind 
has so far set foot upon, the Moon 
seems a familiar and tangible place. A quarter 
of Earth’s diameter and just a quarter ofa 
million miles away, it’s 100 times closer than 
Venus. Given its proximity, brightness and 
large apparent size, it’s easy to see why the 


Moon has enchanted humankind for centuries. 


Before the emergence of widespread street 
lighting, the Moon was the primary source of 
light for nocturnal activities. Its sheer size and 
regular cycle of phases made it an obvious 


WHAT’S OUR MOON 


MADE OF? 


Our natural satellite has 
a small core composed 
predominantly of iron, 
a distinct mantle, and 

a crust of varying 
thickness comprised of 
anorthosites and basalt 


timepiece to our ancient ancestors, forming the 
basis of some early calendars, and in various 
cultures the Moon either had deities associated 
with it or was considered to actually be one. In 
the following centuries, when astrology and 
astronomy were one and the same, it continued 
to bear a supernatural significance, marking 
when certain activities and plans would go 
well — and when they were doomed to fail. 
Pre-telescopic observers noticed an 
unchanging pattern of darker patches that 
would later become known as maria, or ‘seas’, 
because they were assumed to be vast bodies 
of water. They act as a Rorschach test for > 
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MIDDLE TEMPLE LIBRARY/SCIENCE PHOTO LIBRARY, NASA/GODDARD/ 


ARIZONA STATE UNIVERSITY, NASA/JPL, STEVE MARSH X 5 


4 Our first view of the far side came from Luna 3 
in 1959 - and revealed a startling lack of maria 


synchronous rotation with respect to Earth, 
meaning that spins once on its axis in the same 
27.3 days (the sidereal month) it takes to complete 
an orbit of our planet. 


> different cultures — the face of the “Man in the a This is one of many This is no coincidence. Earth’s gravitational 
Moor’ observed in Western tradition, the ‘Rabbit’ —_ lunar sketches Galileo pull on the Moon has caused a bulge in the 
pounding rice of East Asian folklore, or the ‘Lady made through his body of the Moon itself, similar to the tides 
Reading a Book’ from the southern hemisphere, to telescope in 1609, in Earth’s oceans. This bulge unbalanced the 


sketches that challenged 
prevailing views of what 
the Moon was like 


Moon’s gravitational force, slowing its rotation 
until the bulge aligned with the Earth. Despite 


give just three examples. 
Until the middle ages, the Moon was believed to 


be a smooth sphere, neatly slotting into the its appearance in the sky, our Moon is nowhere 
Aristotelian view of the ‘perfect heavens’. It wasn’t near round; it is closer to a lemon shape. 

until after 1609, when Galileo turned his telescope A consequence of this ‘tidal locking is that 
to the Moon, that this perception was undone. for much of human history the Moon held 


Galileo was not the first to examine the Moon a closely guarded secret: no one knew what the 
through a telescope — that accolade falls to far side was like. This didn’t change until 1959, 
Englishman Thomas Harriot, whose sketches when the Soviet Luna 3 probe became the first 
predate Galileo’s by several months — but he was to pass image the hitherto unseen side. 
the first to publish. In his Sidereus Nuncius, In a memorable episode of The Sky at Night 
Galileo revealed a world pockmarked with craters broadcast on 26 October 1959, Patrick Moore 
and mountains. He had seen that the terminator, announced the success of the Soviet mission, 
the line that divides lunar day and night, was revealing the first shadowy photographs 
often jagged, correctly inferring that this of the Moon’s far side live on air. 
irregularity must result from shadows Luna 3’s imagery was crude by 
cast by topographical features. today’s standards, but it 

About a dozen lunar revealed that the ‘dark side’ 
landforms can be distinguished was strikingly different in 
with a keen eye. A typical pair a number of ways. 
of binoculars, if suitably While 35 per cent of the 
steadied, will transform Moon’s Earth-facing 
your view of the Moon into hemisphere is covered 
a scarred, airless world, and with mare lava, very 
most likely will give you a little molten material 
better view than Galileo made it to the surface 
had in the 1600s. Through on the far side, so maria 
even the smallest modern account for just one per 
scope innumerable impact cent. It’s thought this is 
craters appear, often fringed because the far side’s crust 
by long rays of ejecta. Alongside is thicker — it may be up to 
them sit grand basins of solidified twice as thick as that of the 
lava, soaring mountain peaks, near side — possibly due to the 
curious fissures and escarpments slow accretion of a companion 
— it’s a whole new world to explore. satellite after an impact. This theory 
seems to be supported by the discovery 


Locked on Earth of the far side’s 3.9 billion-year-old South 
You don’t need a telescope to reveal that night a The far side as weknow _—-Pole-Aitken Basin, over 2,400km wide and 
after night we always see the same lunar features it today, forever turned around 13km deep. To date, our best views 


staring back at us. This is because the Moonhasa away due to tidal locking of the Moon come from NASA's Lunar » 
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THE MAJOR CLASSES OF LUNAR FEATURES 


VALLEYS 


There are 14 official valleys on the Moon, the % 
longest around 600km. Most are named after 

nearby craters. One of the most familiar is the 
180km-long Vallis Alpes (pictured), which cuts 

across the northern Montes Alpes and almost 

connects the Mare Imbrium and the Mare Frigoris. 


SEAS 


: These vast dark plains of solidified 
= magma are notable for both their dark 
appearance and the fact that they are 
largely absent from the Moon’s far 
side. One of the most distinct is 
the 560km-wide Mare Crisium 
(pictured) which is just visible 
to the naked eye. 


CRATERS 


The ubiquitous lunar feature, 
varying in size from microscopic 
pits to sprawling depressions up to 
350km in diameter — anything larger 
is a basin. Some were formed through 
volcanism but the majority, like Tycho 
(pictured) are the result of ancient impacts. 


BASINS 


The oldest and largest impact craters on the 
Moon, exceeding 350km in diameter. All 
lunar maria are found within them. The South 
Pole-Aitken Basin on the Moon’s far side holds 
the record for being the largest, at around 
2,400km; the biggest on the near side is the 
Imbrium Basin, shown here, which stretches 
across 1,160km of the lunar surface. 


MOUNTAINS 


The Moon’s peaks are named in two ways: ‘Montes’ for mountain ranges and ‘Mons’ for Se 
singular peaks and massifs. The most spectacular of the 18 named lunar ranges is the gently Nests 
curved, 600km-long Montes Apenninus (pictured), which form the southeastern edge of the Ee 

Imbrium Basin. Mons Huygens, the Moon’s tallest mountain at 5.4km, soars skyward here. 


ILLUSTRATIONS BY STEVE MARSH, NASA/JPL/NORTHWESTERN UNIVERSITY, ISTOCK 


Waxing gibbous 


Full Moon 


Waning crescent 


Last quarter 


> Reconnaissance Orbiter, now in its sixth year of 
operations and, at the time of its launch, the first 
US mission to the Moon in 10 years. 


The Sun always shines 

It’s equally obvious that the illumination of the 
Moon’s Earth-facing hemisphere changes over the 
course of the month — a word, incidentally, that 
we get from ‘Moon’. Although the Sun is always 
shining on a full half of the Moon, the proportion 
of the lit side we are able to see depends on where 
the Moon is in its orbit around Earth, giving rise 
to the phases we see. 

Imagine you are looking down on the Earth, 
Moon and Sun from above. When the three line 
up with the Moon in the middle, the Moon’s lit 
half points away from us on Earth, producing a 
new Moon. Slowly emerging from its new phase 
into the evening sky, the lunar crescent thickens 
from one day to the next. The term ‘waxing’ is 
used to indicate this thickening phase. The 
waxing crescent leads to the Moon appearing as an 
illuminated semicircle roughly a week after new. 

This is somewhat confusingly called ‘first 
quarter’, referring to the Moon’s position in its 
29.5-day orbit rather than proportion of its disc is 
illuminated from our vantage point on Earth. The 


First quarter 


4 The Moon’s cycle of 
phases is the result of 
its position relative to us 
and the Sun in it orbit 
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Sunlight 


Waxing crescent 


New Moon 


Waning crescent 


bulging phases after first quarter are known as 
waxing gibbous. These increase in size until 
roughly two weeks after new, the Moon is on the 
opposite side of its orbit from the Sun and appears 
fully lit as a full Moon. The point of new and full 
Moon, when our planet, satellite and star are 
aligned, is technically known as a ‘syzygy’. 

After full Moon the phases reverse, and the 
illuminated part of the Moon begins to shrink or 
wane. After passing through the waning gibbous 
phases, the Moon reaches the three-quarter point 
of its orbit, giving rise to the ‘last quarter’ phase. 
The Moon takes the appearance of a semicircle 
once again, although it’s the opposite half that is 
illuminated than that at first quarter. After this, it 
takes approximately a week for the Moon to go 
through its waning crescent phases, visible in the 
early morning sky, before it once again becomes 
new again. It takes 29.5 days for the Moon to 
return to complete this cycle of phases or 
‘lunation’, slightly longer than it does to complete 
an Earth orbit. This is known as a synodic month. 


Ellipse and eclipse 

The Moon’s elliptical orbit is inclined to Earth’s by 
an average of 5°. This means that on most of the 
occasions that a full Moon occurs, it actually 


OUR CONSTANT COMPANION 


passes above or below the shadow Earth casts into 


space. But in the instances that the full Moon 
passes into Earth’s shadow we see a different 
phenomena: a lunar eclipse. 


Because the Sun is much bigger than Earth, . 
it splits our planet’s shadow into two parts: the | eC @} [ S | eC O t eC OO al 
darkest, called the umbra, and a lighter outer 


ring, called the penumbra. The intensity of a The phrase ‘dark side of the Moon’ may 


lunar eclipse depends on how much of the Moon evoke fond memories of Pink Floyd's 
ox 40-year-old prog-rock album to 
the baby boomer generation, 


passes into Earth’s shadow, and which part of ‘ 
the shadow it passes through. rae : , : 

: : re a but in an astronomical context 

Ina total lunar eclipse, the entire Moon passes ogee NUCL. TN ae 
: : ay it's often used to refer 

through the penumbra and into the umbra, can ; = (erroneously) to the Moon’s 
gradually darkening until it is completely covered, D far side. The phrase is 
a point known as totality. During totality no \ something of a misnomer, 


Aa > ae 
sunlight shines directly on the Moon, but some is ; py" since the lunar far side 
18 goes through the same 


refracted onto it via Earth’s atmosphere. As our - ’ : ote }a) ake 
cycle of illumination as the 


atmosphere filters out blue light, the Moon often oh f 

: ; phases of the Moon seen 
gains a strange orange-brown colour. on the Earth-facing 

As the Moon goes into eclipse and dims, the . t hemisphere. Technically, 
sky gets darker too. You may not have realised ~ the far side is the ‘dark side’ 
how bright a full Moon can be. It lights up the at the instant of full Moon. 
sky around it with a blue haze, out of which The Moon’s north pole is The only places on the Moon's 
only the brighter stars are visible. During a total home to permanently- ghee Hebel cl it , 
lunar eclipse, the darker Moon means that the shaded craters, some of pean oe comme Aare erate 


. cial the north and south poles. 
fainter stars can come out and we end up with which contain ice 


the eerie sight of a deep-red Moon surrounded 
by twinkling stars. 

There are two other types of lunar eclipse: 
partial, where only a portion of the Moon passes 
through Earth’s dark umbral shadow, and 
penumbral, where part of the Moon only passes 
through the lighter, outer shadow. Partial eclipses 
can be quite noticeable, but penumbral eclipses 
often only cause a slight dimming. 

Earth has two shadows, the umbra and s When the same thing happens at new Moon the 

penumbra; only sunlight that is refracted opposite occurs, and we may see a partial or total 

ne heaa rac oarhadrarnees Micon solar eclipse. By staggering coincidence, right now 
the Moon is both 400 times smaller than the Sun > 


Penumbra 


Light scattered by Earth’s atmosphere can 
cause the Moon to redden during lunar eclipses 
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> and 400 times closer, meaning that they appear 4 Total solar eclipses was only 22,500km from our planet. Today, 
to be the same size in the sky. The fact the Moon can only happen it’s nearly 10 times farther away and getting 
only just covers the Sun during a total solar because of a staggering more distant by 3.8cm a year — around the 
eclipse allows us to glimpse our star’s ghostly cosmic coincidence same rate as your fingernails grow. As a result, 
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outer atmosphere, the corona. 


A changing relationship 
Life on Earth owes a lot to our rocky companion. 
Without it, our planet’s axis would tilt wildly 
between 0° and 85°, albeit over a period of a 
million years, sending our hemispheres veering 
between chaotic ice ages and searing hellscapes. It 
would have been a death sentence for evolving life. 
But our relationship with the Moon is becoming 
increasingly distant. When it formed, the Moon 


WHERE DID THE 


Most scientists now believe that the Moon was formed around 
4.5 billion years ago when an object the size of Mars (and 
since named Theia) collided with the early Earth, giving ita 
glancing blow. The impact spewed debris into Earth’s orbit, 
which coalesced to form the Moon at just the right distance 
to be an independent body; any closer and Earth’s gravity 
would have pulled the material back. 

This theory was born from the chemical analysis of 
lunar samples returned by the Apollo missions, which 
showed a remarkable similarity between Earth’s composition 
— hinting at a common heritage. But there is a problem: the 
compositions look too similar. If this collision occurred, the 
Moon should have more of Theia’s material and should 
therefore be more different from Earth. 

The Apollo samples were obtained from a very small area 
- could this explain the similarities? It would seem not, 
because we do have other lunar material. The Russian Luna 
programme returned 0.33kg of Moon samples and we also 
have a number of lunar meteorites. Analysis of this material 
brings up a similar problem, it is just too similar to the 
composition of Earth. 

So where does this leave the collision theory? It still has a 
lot of support, but what would be a great help is having more 
lunar samples from known but more varied locations. 
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Earth’s spin speed is slowing down and our 
days are getting longer. 

Eventually, there will come a point when the 
length of the day and the month will be the 
same, and the Moon will cease to cross our skies. 
There will be no new or full Moon, only a small 
static disc in the night sky visible from one side 
of the planet, a situation we see today in the 
Pluto-Charon system. By the time that happens, 
humans will hopefully be looking out at other 
moons from distant planets. 
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ow, nearly four and a half decades - 
later, the international brand has 
been subject to astronomical 
growth, being successfully 
recognised and respected across the 
globe for broad product range and ground- 
breaking design. 

When it comes to making an impact in the 
astronomy industry, Meade is no shrinking 
violet. Driven by the simple but integral 
core mission statement of ‘Astronomy for 
All, the Meade brand has continued to 
encourage the exploration, enthusiasm 
and empowerment of a wide range of 


astronomers, for over 40 years. Young or old, 


amateur or beginner, Meade’s user-friendly 
telescopes with their quick and easy set-up, 
ensure the wonders of the night sky are 
accessible to everyone. 

The company’s continuous innovation 
has undoubtedly remained the driving force 
behind its success, securing a number 
of distinguishable firsts within their field, 
including production of the ETX Series with 
AutoStar in 1999, the first portable, fully- 
computerised telescope on the market. An 
instant worldwide hit, the popularity of the 
ETX range remains true to this day, with two 
new additions to the family (ETX-80 and 
ETX-90) set to arrive in the UK later this 
year. Unmatched optics, travel cases and an 
included 30,000 object AudioStar controller 
with integrated speaker, ensure that these 
go-to additions are set to continue their 
upward trend well into the new millennia. 

Preceding the ETXs with their February 
2016 UK release, is an attractive trio of grab- 
and-go table top Dobsonian telescopes - the 
Meade LightBridge Mini. A lighter, travel- 
conscious younger brother of the well- 
established LightBridge series, the portable 
LightBridge Mini comes in a selection of 
sizes (82, 114 and 130) on a versatile 360 
rotating mount for straightforward viewing 
of the night sky. Planets, nebulae, star 
clusters and galaxies can all be viewed with 
comfort and ease with no pre-alignment 
or complicated set-up necessary. Sitting 


ADVERTISEMENT FEATURE | tas :: 


bine ad BAS centuries. Meade. 


~in the garden, camping in the wild or> _ ~> 
exploring new stargazing locations, at 
night the LightBridge Mini brings the sky 
to life, transforming during the day into 
an eye-catching decorative design feature 
and conversation piece about the home. 
Together, the introduction of the ETX and 
LightBridge series marks yet another 
stage in the full-fledged expansion of the 
esteemed Meade brand within the UK, 
complementing the existing Infinity and 
Polaris ranges of entry level telescopes. 
Highly-commended within the industry, 
these accessible scopes have already been 
on the receiving end of a number of positive 


«6 Encourage the 
exploration, 
enthusiasm and 
empowerment of 
a wide range of 
astronomers ,, 


recommendations and reviews, with the 
Infinity 9OAZ successfully dubbed ‘Hot 
Product 2016’ by Sky & Telescope Magazine 
alongside the LightBridge Minis. 

Through the integration of thoughtful 
extra features, such as red light 
finderscopes, I-mounts and photo tripod 
adaptability into many of their telescopes, 
Meade has already succeeded in capturing 
the imagination of budding stargazers 
and astronomy enthusiasts across the 
country. It is by helping to open up exciting 
new channels, such as astrophotography, 
through their versatile optical designs, that 
Meade ultimately aspire to achieve their 
aim of making exploration of the night sky 
more enjoyable and fun, thus creating an 
astronomy that truly is for all. 


Visit meade.com to view our full range 
of products 


@®) MEADE INSTRUMENTS 


SIZING UP_THE 


Our neighbour looks great through a scope, but at over 
380,000km away it's hard to get a sense of how big its 


standout features really are — unless you compare them 
WORDS: PETE LAWRENCE 
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THE MOON vs THE UK 


The Moon’s diameter is 3,475km, roughly a quarter of Earth’s. The straight-line distance between Land’s End 
in England and John o’ Groats in Scotland is 960km, roughly a quarter of the Moon’s diameter. From Earth, 
the Moon has an apparent diameter that varies between 33.6 and 29.4 arcseconds, with a mean value of 
31.1 arcseconds. For simplicity’s sake, the Moon's apparent diameter is normally described as being 0.5°. 


Orkney Islands \ & 


i COPERNICUS 
vs THE 
MIDLANDS 


Copernicus is a ray crater to 
the south of the Imbrium 
Basin. Its 9Okm-diameter rim 
contains a central mountain 
peak complex rising to 
1,200m, which is four times 
the height of the Shard in 
London. If Copernicus was 
centred on Birmingham, the rim 
would reach out almost as far 
as Leicester, while the longest 
ejecta rays would reach alll 
the way to Orkney. 


THE APENNINES 
vs THE ALPS 


The lunar Apennine mountains define the southeast border of the 
Mare Imbrium. The range is 600km long, containing peaks that rise 
to over 5km. The Alps on Earth are 1.5 times longer at 960km, with 
the highest peak — Mont Blanc — rising to 4.8km. The Apennines 
were formed when material was pushed aside by the impact that 
formed the Imbrium Basin. 


TYCHO vs THE SHARD 


The southern ray crater Tycho has a distinctive 
rim measuring 86km across, similar to the 
distance from central London to Oxford. The 
60km-diameter M25 around London would 
just fit across Tycho’s inner floor. The crater 
has a 2,000m high central peak, roughly 
6.5 times the height of the 310m-tall 
Shard in London. The peak is easily 
visible with a small telescope. 


TYCHO’S CENTRAL PEAK 
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SIZING UP THE MOON 


A THE RIVER THAMES, 
* FROM THE DARTFORD TUNNEL 
TO KINGSTON UPON THAMES 


HADLEY RILLE 
vs THE THAMES 


Hadley Rille is a crack in the lunar surface formed 

when the ceiling of an ancient, submerged river of 

lava collapsed. Requiring at least an 8-inch scope 

to see, its main part is 80km long, with a maximum 

width of 2,000m and depth of 370m. By 
THE MARE CRISIUM VS FRANCE comparison, England's River Thames is 346km 
long in total, and 252m wide when passing 


the Houses of Parliament. In its estuary, its 
depth is 20m at most. 
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NASA/GSFC/ARIZONA STATE UNIVERSITY, THINKSTOCK 


The Mare Crisium is a dark, oval feature seen close to the Moon’s northeastern 
edge. Its 450x560km floor is the result of an impact with a 25km-wide body 
about 3.9 billion years ago. The whole of Ireland would fit inside it, while the 
Mare Crisium itself would in turn fit comfortably inside France. 


Straight Wall 
300m 


THE STRAIGHT WALL vs BIG BEN 


The Straight Wall is a 110km linear fault. Seen a day after first quarter its shadow gives 
the impression of a sheer cliff, but its 300m height difference is actually achieved by a 
gentle 7° slope. The fault’s height is roughly three times that of Big Ben’s tower. 
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MONS 


HUYGENS —_——s 
5.4km high ; , 

Mons Huygens is 

located ania the as € MONS HADLEY 


southern Apennines. } : 4. 8km high 


At its highest, the : ®@ Mons Hadley lies in 
peak rises to an / the northern Apennines, 
altitude of 5.4km, WH just to the northeast of 
and from its north v it, Hadley Rille, and at 
to its south it , , 4.8km is the highest 
measures 50km. ; peak in this region. It 


- 4 "overlooks the Apollo 
eo 15 landing site. —_ 
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ISTOCK X 2, NASA/GSF. 
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MONS PITON 
2.25km high 


Mons Piton is another 
isolated peak in the 
Imbrium Basin, lying 
roughly 130km west of 
crater Cassini. It rises 
2.25km above the 
basin floor and is best 
seen at first quarter. 


MOUNT EVEREST 8.8km high 


MONS PICO 
2.4km high 


Mons Pico is an 
isolated peak in the 
Imbrium Basin. Located 
180km to the south of 
crater Plato, Pico rises 
2.4km and casts an 
impressive pointed 
shadow at first quarter. 


SEA LEVEL Okm 
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The Moon's pockmarked surtace tells the story of its 
many encounters with meteors and volcanic lava 


comparatively little about the Moon, and 
there were various problems. Some have 
now been solved, while others have not. 
I thought that it might be interesting to 
look back at a few of these. 

First, the question 


he Moon has always been 
my main interest from an 
observational point of view, 
and has been so ever since 
I had my first glimpse of it through a 
telescope, which was in 1929. My own 
observation notebooks date back to 
1931, when I had reached the advanced 
age of eight. In those days we knew 


of changes on the 
surface. There 
were two 


< On occasion, 
Linné seems to 
vanish completely. 
It’s always visible 
from space, as 

in the inset Lunar 
Reconnaissance 
Orbiter image, 
but when viewed 
from Earth (left) 
it can appear as 
a white patch 
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main craters which had been suspected 
of alteration: Linné and Messier. The 
first really good map of the Moon was 
produced in 1836 by two Germans, 
Wilhelm Beer and Johann Heinrich von 
Madler, using the 3.75-inch refractor 
in Beer’s observatory near Berlin. 
Even though the telescope 
was small, their map was 
amazingly accurate, and 
they also produced 
a description of the 
surface, which has 
sadly never been 
translated from the 
original German. On 
the Mare Serenitatis, 
one of the major seas, 
they drew a small but 
deep, well-marked crater, 
and named it Linné after the 
Swedish scientist Carl Linnaeus. 
Over 20 years later Julius Schmidt, 
also German but acting as director of 
the National Observatory of Athens, 
announced that the crater had 
disappeared, to be replaced by a small 
white patch. Telescopes all over the 
world were turned moonward; Schmidt 
was right — there was no crater of the 
kind Beer and Madler had described. 
Sir John Herschel, the leading British 
astronomer, believed that there had been 


a moonquake, and that the walls of the 
old crater had collapsed. Arguments 
raged for years, but finally Linné was 
imaged from space and shown to bea 
totally normal pit of impact origin. 
Changes in illumination provide 
the answer. I have made hundreds of 
observations, and on occasion Linné 
really does look like a mere patch. There 
has been no real change and, in any case, 
Madler himself observed the formation 
in 1868 and said that it looked just the 
same as he remembered it in the 1830s. 


Altered views 

Messier is a small crater in the Mare 
Fecunditatis. Adjoining it is another 
small crater, Messier A, and extending 
away from the pair is a curious double ray 
nicknamed ‘the Comet’. Beer and Madler 
said that the two craters were exactly 
alike, but in fact A is larger and is less 
regular in outline. Here too change was 
claimed but, as with Linné, differences in 
illumination give the answers. Sometimes 
the two do look alike. Use a telescope 

to follow the pair through a complete 
lunation and you will see what I mean. 

It also used to be thought that the 
Moon has an atmosphere — much thinner 
than ours but still appreciable — and that 
there might be lunar meteors. In 1952 
I remember discussing the possibility with 
Ernst Opik of Armagh Observatory, one 
of the world’s leading experts on meteors. 
In his view, lunar meteors were “quite 
probable” and should be slow moving, 
with trail lengths of up to 130km. With a 
12-inch telescope it was thought possible 
to record an average of one lunar meteor 
for every eight hours of observation. 
Subsequently, observers in the US 
reported many streaks of this kind, and 
in 1941 WH Haas of the Association 
of Lunar and Planetary Observers 
calculated the probable diameter of the 
object he recorded. It would have been 
180m across, so would have to be classed 
as a meteorite rather than a piece of 
cometary debris. 

Well, we now know that the lunar 
atmosphere is absolutely negligible, and 
meteors simply cannot occur. So what 
did the American observers see? It is 
significant that since the virtual absence 
of an atmosphere has been proven, 
reports of lunar meteors have stopped. 
Make up your own mind... 


Unseen but not unknown 
There was also controversy about the 

far side of the Moon, which we can 

never see from Earth because it is 


forever facing away from us. Would it 
be very different from the side we have 
always known? The 19th-century 
Danish astronomer Peter Andreas 
Hansen believed that the Moon was 
of irregular density, and that all the 
air and water had been drawn round 
to the far side, which might even be 
inhabited. By now, we have very 
detailed maps of the entire Moon, 
and the far side is as barren and 
cratered as the familiar region, though 
there are subtle differences. The near 
side lacks the large, light-floored 
enclosures known as palimpsests, 
while the far side lacks major maria 

— apart from the Mare Orientale, a 
tiny part of which does extend into 
the libration zone of the near side. 


There were endless arguments about 
the origin of the lunar craters. Were they 
volcanic — in fact, caldera? Or were they 
due to the impacts of meteorites? I was on 
the side of the volcanists but, as contrary 
evidence piled up, I was forced to admit 
that I had been completely wrong. All the 
large craters are of impact origin. But the 
seas are of lava, showing that the Moon 
was once very active. I well remember a 
conversation I had in 1965 with Harold 
Urey. We were looking at a lunar mare 
and he was maintaining that the seas 
had once been filled with water. Even 
Nobel laureates can err. 

Many mysteries have been solved 
but others remain and, to me, the 
Moon is still one of the most fascinating 
of all worlds. 
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THE BASICS OF 


LUNAR 


OBSERVING 


Explore the seas and craters that texture the 
lunar surface with our beginners’ observing guide 


THE BASICS OF LUNAR OBSERVING 


he Moon is an ideal object to 
begin your observing odyssey 
because it is big, bright and 
covered with amazing detail. 
But the thing that surprises most novice 
observers is the variation it holds. 
Though the same hemisphere faces Earth 
at all times, what you can see on the Moon 
changes from one night to the next. 

You may be forgiven for thinking 
that full Moon is the best time to 
examine our close companion — not so. 
While this is a good time to see the long, 
bright rays of ejecta surrounding 
prominent craters such as Tycho, the 
high altitude of the Sun in the lunar sky 
means no shadows are cast, resulting 
in a washed-out view of the Moon. 

In general, the best time to view a 
given lunar feature is when the 
terminator, the demarcating line that 
separates lunar day and night, is nearby. 
This is the region where the Sun is either 
rising or setting, where crater rims 
and mountain peaks stand out in stark 
relief, casting inky black shadows across 
the lunar surface that exaggerate their 
presence. Those further from the 
terminator show hardly any shadows 
and are harder to make out. 

At day zero of the lunar cycle — new 
Moon - the whole of the dark lunar 
hemisphere points towards Earth. Over 
the next 15 days the terminator slowly > 


THE MANY GUISES OF THE MOON 


Even to the naked eye, our satellite is a beguiling subject 


Features such as 
craters, rilles and 
mountain ranges 
look spectacular 
when they are on 
the terminator 


EARTHSHINE 


The Moon is not solely lit by 
sunlight. When it is in a slender 
crescent phase in the evening or 
dawn twilight, it’s sometimes 
possible to see its dark portion 
gently glowing due to sunlight 
reflected off the oceans and 
clouds of planet Earth. This 
effect is known as earthshine. 
Our planet actually reflects more 
light onto the lunar surface than 
the Moon gives us when it is full. 


LUNAR HALOES 


On frosty nights, often when the 
Moon is or near full, you may be 
able to spot a faint ring of light 
caused by ice crystals refracting 
the moonlight in the upper 
atmosphere. Since the ice 
crystals are normally all 
hexagonal, the ring is almost 
always the same size; it has a 
diameter of 22°. Sometimes it is 
also possible to detect a second 
ring, 44° in diameter. 


RED MOON 


There are two reasons the lunar 
disc may take on a ruddy hue. 
The first is if it is low in the sky, 
so light reflected from it passes 
through more of our atmosphere. 
Blue and violet light is scattered 
more easily, so we see a redder 
Moon. The other is during a total 
lunar eclipse: longer sunlight 
wavelengths are refracted by 
the Earth’s atmosphere onto the 
eclipsed Moon. 


SUPERMOON 


A supermoon is a full Moon that 
coincides with the closest point 
to Earth in its orbit, causing the 
lunar disc to appear larger by 
as much as 14 per cent. The 
word is rooted in astrology but, 
given the correct astronomical 
term is a ‘perigee-syzygy Moon’, 
you can see how it caught on. 
A supermoon also occurs with a 
new Moon at perigee — but you 
aren't able to see this one. 
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4 Though the Moon completes an orbit of Earth in 27.3 days, it takes 29.5 to complete a cycle of phases due to our planet's motion around the Sun 


> creeps across the lunar surface from 
east to west until the disc is fully 
illuminated at full Moon. Then the tables 
are reversed as the encroaching darkened 
hemisphere heads west with each passing 
day, until the diminishing crescent 
becomes lost in the pre-dawn twilight. 


Peering beyond the limb 
The nature of the Moon’s orbit generates 
another effect that is a boon to lunar 

observers, a rocking and rolling motion 


- 


that we call libration. The Moon’s 
orbit is elliptical, and as a result its 
distance from Earth does not remain 
constant. When closest it speeds up 
slightly; when more distant it slows 
down. This small variation is enough 
to cause the Moon to ‘nod’ back and 
forth on its axis, giving us an 
occasional chance to see a little more 
around its eastern and western edges. 
The orbit is also slightly inclined, and 
this causes it to sometimes appear above 


the Earth’s orbital plane and sometimes 
below. This gives us an opportunity to 
peek over the top, and under the bottom, 
of the Moon over time. Taken together, 
this libration allows us to see a total of 
59 per cent of the Moon’s globe, revealing 
tantalising features normally hidden 
from view — some of which we’ll cover 
later on in this special edition. 

With the naked eye it’s easy to see the 
progression of lunar phases, full disc 
effects such as earthshine and the 


Actual shape of the sky 


Shape of the sky 
as we perceive it 


THE BIG MYTH [he Moon illusion 


Look for the Moon when it is low to the 
horizon and you may get the impression 
that it is unnaturally large — this is the 
phenomenon known as the Moon illusion, 
and it appears to be more pronounced 
around full Moon when the maximum 
area of its disc is illuminated. In reality, 
the Moon has more or less the same 
apparent diameter of around 0.5°, 
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whether it is looming over the horizon or 
riding high in the sky. 

One explanation for the illusion arises 
from our perception of the shape of the 
celestial sphere above us; instead of a 
hemisphere, we perceive the sky to be a 
flattened dome. Consequently the lower 
the Moon is in the sky, the farther away 
and larger it is perceived to be. When the 
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Moon is high in the sky we conversely 
perceive it to be closer to us and therefore 
smaller in apparent size. 

Few people seem to be immune to the 
Moon illusion, even though the viewer may 
be fully aware that for any given evening 
there is actually no appreciable difference 
in the Moon’s apparent diameter, 
regardless of its height above the horizon. 


THE BASICS OF LUNAR OBSERVING 


THE RAREST MOON 


No doubt you’ve heard the expression ‘once in a blue 

Moon’ - meaning something that is exceptionally 

rare. But what exactly is a blue Moon, and does 

our neighbour ever adopt an azure appearance? 
When astronomers use the term, they are most 

likely referring to one of two lunar events — neither 


of which cause the Moon to turn blue. 


Traditionally, a blue Moon is considered to be the 
third full Moon in a season that has four. Normally, 
there are only three. The second and more modern 
interpretation is that it is the second full Moon that occurs 
in a calendar month, which can happen as a lunar cycle 


only takes 29.5 days to complete. 


Why the discrepancy in definitions? It appears to be the 
result of a publication mistake that appeared in 1946 that 
confused the traditional meaning, which dates back to 
19th-century editions of the Maine Farmers’ Almanac. 

And yet there is circumstance that can cause the Moon to 
truly appear bluish, as it did in the wake of the Krakatoa 
eruption in 1883, and it is exceptionally rare. The secret is 
that the atmosphere needs to flooded with dust particles 
of a specific size — slightly smaller than the wavelength of 
red light — and that size alone. These particles scatter red 
light, causing the Moon to take on a slight cerulean cast. 


4 Libration brings features on the lunar 
limb into better view, as seen here. 
Crater Moretus appears squashed and 
foreshortened (top) but this changes 
under favourable libration (above) 


major lunar seas. Binoculars increase 
the detail you'll see: as well as dark seas, 
you'll now be able to spot individual 
craters and large mountain ranges, 
especially when they are close to 

the terminator. The smallest craters 
youll be able to pick out will depend 
on how still you can hold your 
binoculars, but a pair of 7x50s should 


comfortably reveal features down to 
about 50km across. 

A telescopic view of the Moon is 
amazing and one that never gets old. 
At low magnifications, the amount of 
detail visible is breath-taking, especially 
close to the terminator where relief 
shadows really help to emphasise the 
detail. Upping magnification by using 
shorter focal length eyepieces will get 
you in closer and give you opportunity 
to ‘roan’ around the lunar landscape. 


Trifles and troubles 

The view you have of the Moon through 
a telescope will differ from what you 
see with the naked eye or binoculars 
depending on its optical arrangement. 
Through a refractor or compound 
instrument, the Moon will appear 
flipped west to east, while through a 
reflector the image will be inverted. 

If you look at the Moon with a 
telescope you may also notice the surface 
appears to gently wobble or sometimes 
even shimmer. This effect is caused by air 
moving through the atmosphere of our 
planet, and the greater the turbulence the 
worse the views. 

Such ‘seeing’ conditions can vary from 
minute to minute and night to night. 

The best views will always be had when 
the seeing is steady and these undulations 
are less intense; poor seeing, on the 

other hand, results in loss of detail 

and fuzzy lunar features. 


For centuries, telescopic observers 
have also reported seeing short-lived 
changes in brightness on the surface 
of Moon, events that are collectively 
referred to as transient lunar phenomena, 
or TLPs. They have been described 
as luminous spots that suddenly appear 
and vanish, localised patches of colour 
and temporary blurring or misting 
of the Moon’s fine surface detail. 
However, despite several high-profile 
reports — including those from Sir 
William Herschel in 1787 and French 
astronomer Audoiun Dollfus in 
1992 — their existence remains 
debated to this day. 

The problem is that TLPs, being 
transient by nature, are hard to 
independently verify and impossible 
to reproduce. Most are spotted by lone 
observers, or are only witnessed from 
a single location on Earth, casting doubt 
on whether they truly occurred at all. 
Some believe that TLPs are little more 
than the result of poor observing 
conditions or equipment issues. Assuming 
they do occur, the most popular theory 
to explain them is residual outgassing 
from below the lunar crust. 

What does seem clear is that TLPs, 
whether real or imagined, are more 
prone to occur on some areas of the 
lunar surface than others, with more 
than one-third of official reports 
coming from the region around the 
Aristarchus plateau. 
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MOONWATCE 
© Northeast 


Our Moonwatch columns begin in 

the northeast — a region dominated 
by vast maria, home to the Apollo 11 
landing site, plus a crater that managed 
a mysterious disappearing act 


NORTHEAST QUADRANT 

Mare Humboldtianum ......... 32 
Mare Frigoris.......0.....0.0..0.. 33 
Crater Endymion... 34 
Crater Cleomedes................ a6 
Crater Linné.... 36 
Mare Crisium 0.0.00... 37 
Crater Proclus ................. 38 
Mare Vaporum............... 39 
Mare Marginis.... AO 
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Northeast 


MOONWAICH 


Mare Humboldtianum 


Words: Patrick Moore 


The Mare Humboldtianum 
bridges the Moon’s near 
and far sides, right on the 


THE MARE HUMBOLDTIANUM is one of 
the limbward seas beyond the Mare Crisium, of 
which you can see only the eastern edges under 


really good conditions. There are several of these: 


the Mare Marginis is another. 

The mare was named after Alexander von 
Humboldt (1769-1859), a German naturalist 
and explorer. Though he was not actually an 
astronomer, he gave a good description of the 
Leonid meteor shower of 1799. Its eastern edge 
extends out to 90°E and thus it is greatly affected 
by libration. Until the missions to the Moon we 
did not know a great deal about it. It seems to be 
the dark central part of a larger basin, of which 
the outer wall is about 650km in diameter. This 
wall runs from the crater Strabo and continues 


eastern lunar limb 


Mare Humboldtianum 


TYPE Sea 

SIZE 169km 
AGE Between 
3.85 and 3.92 
billion years 


LOCATION 

Latitude 56.8°N, 
longitude 81.5°E 
RECOMMENDED KIT 
4-inch telescope 


modest maria, or seas. Although all are much 
smaller than the Mare Crisium, they indicate 
that there hasn’t been much activity in the area 
in the relatively recent past. Because they are so 
badly placed, details on the floors of the Mare 
Humboldtianum and the upper limb seas are 
very difficult to see, and really need the advantages 
of space research. 

There is nothing really interesting to see on 
the outskirts of the Mare Humboldtianum, 
but there is considerable detail where it and 
the boundary of the Mare Crisium meet the 
Earth-turned hemisphere. 

The most prominent crater in the whole 
region is Endymion, which is very regular in 
shape and easy to locate whenever it is in sunlight. 
Endymion’s position is latitude 53.6°N and 
longitude 56.5°E. It is a very compact and 
eye-catching feature, with a good deal of wall and 
floor detail, though there is no evidence of any 
central peak. It may be that Endymion is slightly 
younger than many of the other formations 
around it; its floor is darkish and about the same 
colour as that of the Mare Humboldtianum. 


WHERE TO FIND IT 


southwards around the crater Mercurius E, where 
it turns east and finally passes over the far side. 
The full diameter of the Mare Humboldtianum is 
about 169km, which means it occupies an area of 
more than 22,000km’. 

The best way to find the Mare Humboldtianum 
is to use the crater Strabo. Beyond the sea, right on 
the rim to the east, is the large crater Belkovich, 
which has central peaks and two craters within. 

It is always of interest to go down the lunar limb 
under favourable conditions and pick out these 
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Frigoris 
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Montes Alpes 


Mare Frigoris 


Words: Pete Lawrence 


THE AIRLESS MOON tends to conjure a 
rather cold, inhospitable image. It’s true 
that the Moon is physically cold when its 
surface is enshrouded by the dark of a 
lunar night: at such times the surface 
temperature drops to around —153°C. 
However, during the day the surface 
temperature can rise to over 100°C, so 
the image of a frigid world is perhaps 
inappropriate. 

Despite this, the Mare Frigoris 
manages to hold onto the image pretty 
well — the name literally means ‘Sea of 
Cold’. This long, thin lunar sea stretches 
east to west along the northern part of 
the Moon’s disc for 1,400km. Contrast 
this with its average width of 250km; 
while most of the major seas appear 
circular or elliptical, this one is a clear 
exception. The central and western parts 
look like they curve concentrically with 
the Mare Imbrium, while the portion 
to the east looks as if it’s concentric 
with the Mare Serenitatis. With a good 
imagination, the Mare Frigoris forms the 
eyebrows of the Man in the Moon. 

Unlike many of the other lunar seas, 
this one is largely devoid of features such 
as rilles, faults and domes. Most of its 
feature set is made up of impact craters. 
These co-exist with lines of lighter ejecta 


laid down by larger impacts. Of 
particular note are the dramatic rays 
laid across the floor of the mare by 
124km-wide crater Goldschmidt, 
which lies farther north. 

The largest, ‘local’ crater is 90km-wide 
Aristoteles, which sits in the south of the 
eastern portion of Frigoris. This is a very 
well-defined feature in its own right, with 
high, terraced walls and ejecta that 
spreads across the mare floor. Frigoris 
appears to curve below Aristoteles 
towards 70km-wide crater Eudoxus. 

To the west is 41km-wide crater 
Harpaulus. Though it is less than half 
the size of Aristoteles, it manages to 
hold its own by virtue of the fact that it 
sits centrally within a darker area of 
Frigoris to the west. The number of 
craters that pockmark the mare floor 
varies; there are more craters visible in 
the eastern region than in the centre, 
indicating that the eastern mare floor 
is slightly older. There are also many 
famous features to be seen along the 


Aristoteles 


Eudoxus _ 


TYPE Sea 

SIZE 1,400x250km 

AGE Approximately 

3.9 to 4.6 billion years 

LOCATION Latitude 56.0°N, 
longitude 0.0°E 

RECOMMENDED KIT 4-inch telescope 


mare’s southern edge. These include the 
Lunar Alps, 109km-wide crater Plato 
and the Sinus Iridum. To the north, the 
huge 160km-walled plane known as 

J Herschel is worth a look. 


WWW.SKYATNIGHTMAGAZINE.COM 33 


ISTOCK X 4, PETE LAWRENCE 


Northeast 


MOONWATCH 


Crater 


Endymion 


Words: Patrick Moore 


TYPE Crater 
SIZE 125km 


AGE Between 3.92 and 4.55 billion years 
LOCATION Latitude 53.6°N, longitude 56.5°E 
RECOMMENDED KIT 4- to 6-inch telescope 


ENDYMION IS NAMED 
after a young shepherd who, 
in Greek legend, went to sleep 
and caught the eye of Selene, 
goddess of the Moon. She 
came down to Earth and 
kissed Endymion, who went 
on sleeping — forever. Fairly 
near the Moon’s limb, 
Endymion the crater is easy to 


locate because of its size and 
the darkness of its floor. 

It also quite a complicated 
crater, though there 
are no prominent 
features on its actual 
floor. The wall is 
continuous and 
decidedly complex. 
The fact that the floor 
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Endymion lies close to the lunar 
limb, with the elusive Mare 
Humboldtianum just beyond 


Endymion 


has clearly been flooded shows 
the crater’s age. I have 
searched for a central peak or 
anything that would suggest 
the presence of one, but with 
no success. There are, 
however, various small 
formations nearby. The largest 
is Endymion J, which has low 
walls and a few features on the 
floor, though again there is no 
central peak. 

The Mare Humboldtianum 
lies between Endymion and 
the limb. Part of the mare lies 
on the hemisphere facing the 
Earth, but the far side can be 
carried out of view under the 
least favourable libration 


WHERE TO FIND IT 


conditions. The Mare 
Humboldtianum is no 
ordinary sea: it is in fact 
the dark centre of a lunar 
basin which is over 600km 
in diameter. 

There are foreshortened 
craters between the Mare 
Humboldtianum and 
Endymion: it is said that 
the mare forms a link 
between areas we have 
always known and those 
which come into view only 
under favourable libration. 
Farther along the limb from 
the Mare Humboldtianum 
is Belkovich, a lunar crater 
named after a Russian 
astronomer who paid 
great attention to the 
Moon. Belkovich also has 
a dark floor, but unlike 
Endymion does have 
multiple central peaks. 

Endymion tends to be 
rather neglected by lunar 
observers. It is interesting 
to check the darkness of the 
floor against other dark 
regions, since it seems to vary 
considerably. However, it is 
not easy to tell whether there 
is actually any change in the 
darkness of the floor, or 
whether the apparent 
variations are due entirely to 
the changing angle of the Sun 
over the crater. It’s therefore 
worth making careful studies 
of the whole region. 

There seems little danger 
of confusing a 
crater, Endymion, 
with the Mare 
Humboldtianum, 
even though they 
have many points in 
common. However, 
be aware that some 
early maps do confuse 
the two! One problem 
is that the whole area 
is not well seen for 
much of every 
lunation, so before 
attempting to sketch 
or map the region it is 
wise to use as many 
photographic images 
as you can muster up. 


/ 


Crater Cleomedes 


Words: Patrick Moore 


WHERE TO FIND IT 


CLEOMEDES IS ALWAYS easy to identify; it lies 
just north of the Mare Crisium, which means 
that it comes into view soon after new Moon and 
remains visible until shortly after full. It is named 
after a Greek astronomer remembered because 
of his important book about the movements of 
celestial bodies; the dates of his birth and death 
are not known, but as he does not mention 
Ptolemy (c120-180AD) it seems likely that 
Cleomedes lived in or around the time of the 
first century BC. 

There are several large formations in this 
general area of the Moon, of which the largest, 
by far, is the Mare Crisium. The area is also of 
particular interest because this lunar sea is the 
only one on the Earth-turned hemisphere to be 
clearly separate from the main system of lunar 
‘seas’, and there is nothing like it either here or on 
the Moon’s far side. 

Crater Cleomedes has a fairly regular wall, 
though broken in the north by several minor 
craters of which the largest is E (diameter 21km). 
The outer rampart is heavily eroded and warn, 
and in the northwest it is broken by the 43km 
crater Tralles. This has a curiously irregular 
form and is considerably deeper than Cleomedes 
— 3.4km compared with only 2.7km. The whole 
area outside this part of Cleomedes is very rough. 

The floor of Cleomedes is mainly smooth, 
though there is definite detail — notably two 
obvious craters, B (which is 11km in diameter) 
and J (which is 10km wide). The grey colour of the 
floor is very similar to that of the Mare Crisium, 
and it gives the impression of being lava-flooded 
at much the same time. Just north of the centre 
of the floor there is a modest hill, which many 
authorities regards as a central peak; I have never 


TYPE Crater 
SIZE 126km 
AGE Between 
3.85 and 3.92 


billion years 


LOCATION 

Latitude 27.7°N, 
longitude 55.5°E 
RECOMMENDED KIT 
A-inch telescope 
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Mare Crisium 


been able to make up my mind about this, but on 
the whole I tend to think that it does not merit 
‘central peak’ status. 

Probably the most interesting feature on the 
interior of Cleomedes is the long rille in the 
north, running southeast from the northwestern 
rim. It is prominent enough to have a name, 
Rima Cleomedes, and a small telescope will 
show it. Midway along its track it branches into a 
fork. Several much more delicate rilles lie in the 
southeast part of the floor; see how many you can 
find — but you will need a fairly large telescope and 
high magnification, with good seeing conditions. 

There is no level ground between Cleomedes 
and the Mare Crisium, and indeed no smooth 
regions anywhere around Cleomedes. Note, 
in particular, the 33km crater Delmotte to the 
west, and 31km Debes beyond Tralles. The 
whole area is distinctly foreshortened, because 
it is not very far from the limb, but Cleomedes 
is well beyond the libration zone. Next time 
you examine it, see whether you can glimpse 
those rilles on the southeast floor. 
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Crater Linné 


Words: Patrick Moore 


AGE About 20 million years 


LOCATION Latitude 27.7°N, longitude 11.8°E 
_ RECOMMENDED KIT 6-inch telescope 


THIS SMALL CRATER has 
received a tremendous amount 
of attention in the past. Crater 
Linné is located on the Mare 
Serenitatis, at latitude 27.7°N 
and longitude 11.8°E. 

It is only 2.4km in diameter, 
with a depth of 600m, but it’s 
easy enough to locate because 
it is surrounded by a bright 
ejecta from the original impact 
and there are relatively few 
craters on the mare. The largest 
of these is Bessel (21.8°N, 
17.9°E), which is 16km across. 
It is crossed by a bright ray 
that runs from north to south 
and gives every impression 
of being associated with the 
Crater Tycho system. 

Nothing out of the ordinary, 
Linné was shown on the Italian 


astronomer Giovanni Riccioli’s 
lunar map of 1651. The 
German observers Wilhelm 
Beer and Johann von Madler, 
who produced the first good 
lunar map, also showed it. 
Their Der Mond, published 
in 1839, is a masterpiece of 
careful, accurate observation 
and is amazingly good even 
today, although it was made 
using a 3.75-inch refractor. 
They described the crater as 
well-formed and the most 
conspicuous feature in the 
area. Indeed, there seemed to 
be nothing special about it. 
Der Mond had one 
unexpected effect. It was 
widely believed that the map 
by Beer and Madler was so 
good that further observations 
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<A lonely 
feature in Mare 
Serenitatis, 
Linné gained 
worldwide 
renown in the 
19th century 


of the Moon were unnecessary, 
and for several decades little 
attention was paid to lunar 
studies — except by one man, 
Julius Schmidt, director of 
the Athens Observatory. In 
1866 he made the spectacular 
announcement that Linné had 
disappeared, to be replaced 

by a mere white patch. This 
caused intense interest and 
the attention of observers 
everywhere swung back to the 
Moon. What had happened? 
Had Linné really vanished? 

All kinds of explanations 
were proposed. Volcanic 
activity, for example. Linné 
is comparatively young, 
so current volcanism was 
regarded as fairly likely. 

Sir John Herschel believed 

that a ‘moonquake’ had 
caused Linné’s rampart to 
collapse, filling up the crater 
floor. There was also the 
surrounding bright region and 
variations were reported in it, 
due allegedly to frost deposited 
during night time. 

American astronomer 
William Henry Pickering 
(1858-1938) later maintained 
that the area around Linné 


had brightened during a 
lunar eclipse, when a wave of 
cold sweeps across the lunar 
surface. Angelo Secchi, the 
great pioneer of astronomical 
spectroscopy, used the 
telescope at the Vatican 
Observatory and said that 
“there is no doubt that a 
change has taken place”. 

The controversy lingers on 
even now, but in my view the 
final evidence comes from 
Madler himself. He said that 
he had observed Linné in 
1838 and in 1867 and that 
there had been absolutely no 
alteration. Changes in the 
angle of illumination, even 
over short periods, can show 
small features such as Linné 
in many different guises. 

I have made many hundreds 
of observations of Linné, 
using my own telescopes as 
well as the large refractors 
at the Lowell Observatory 
in Arizona and the Meudon 
Observatory in Paris. 
Generally it looks like a white 
patch with a tiny central 
spot. If you catch it close to 
the terminator and use a 
high power on an adequate 
telescope (my 12.5-inch 
reflector is very suitable), its 
true form is clear. 

Remember, too, that Linné 
has played a role in the history 
of selenography, since after a 
long period of stagnation it 
forced observers to turn back 
to our neglected satellite. 
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Mare 
Crisium 


TYPE Sea 
SIZE 450x560km 
AGE Between 3.8 and 4.6 billion years 


LOCATION Latitude 17.0°N, 
longitude 59°E 
RECOMMENDED KIT 4-inch telescope 


THE MARE CRISIUM, or Sea of Crises, 
is one of the smaller lunar maria; its total 
area is no more than that of Great Britain. 
It is separate from the main system of 
maria, and is evident even with the naked 
eye. Being close to the northeastern edge 
of the visible disc, it comes into view when 
the Moon is a thin crescent and remains 
prominent until soon after full phase. It is 
clearly shown on Thomas Harriot’s lunar 
map of 1609 (it is too often forgotten that 
Harriot was the first telescopic observer 
of the Moon, months before Galileo), and 
was named by Giovanni Riccioli in 1651. It 
is of Pre-Imbrian age, formed some time 
between 3.8 and 4.6 billion years ago. 

The mare appears to be elliptical in a 
north-south direction, but this is due to 
foreshortening; its diameter is 450km 
north-south, but 560km east-west. Its 
outline is well-defined, though there are 
no high mountains along the borders 
as there are with, for example, the Mare 
Imbrium. The basin is relatively flat, and 
darker than the surrounding areas. The 
three largest craters on the floor are of 
modest size: these are Picard (diameter 
23km), Peirce (18km) and Swift (10km). 
Here and there can be seen indications 
of ‘ghost’ craters that have been totally 
flooded, and there are also some craters 
only a few kilometres across. 

Picard is a normal impact crater, with 
a maximum depth of about 2.5km. The 
walls are terraced, and in the centre of the 
floor there is a low hill —a useful test for 
small telescopes. Peirce is bowl-shaped, 
with several interior ridges and hills; to 
its north is Swift, which is circular and 
well-marked. It was originally named 
Peirce B, and then Graham until given 
its present name by the International 
Astronomical Union. 

On the western edge of the mare, west 
of Picard, there are some interesting 


features. Yerkes, 36km across, is a crater 
that has been so inundated by lava that the 
walls are discontinuous, and the colour 
and albedo of the floor are similar to the 
adjacent surface. 

The Mare Crisium is crossed by obvious 
wrinkle ridges, several of which have been 
named (for example Tetyaev Dorsa and 
Harker Dorsa, in the western floor, both of 
which are over 150km long). I have found 
that they remain visible under almost all 
conditions of solar illumination. 

Jutting out into the mare from the east 
is Cape (Promontorium) Agarum. Just 
to the northwest are some tiny craterlets, 
connected by low ridges; they seem to 
have been first noted around 1935 by the 
English amateur Robert Barker, and four 
of them make up what I have termed 
‘Barker’s Quadrangle’. I have found that 
they show puzzling changes in visibility, 
and several transient lunar phenomena 
have been reported here, though with no 
reliable confirmation. Perhaps the area is 
worth monitoring. 


When you are looking at the Mare 
Crisium, seek out the isolated craterlet 
Eckert (17.3°N, 58.3°E) just to the east of 
alow wrinkle ridge. Eckert is a mere 3km 
across, and can be elusive, but I always 
make a point of hunting for it whenever 
Iam looking at this fascinating little sea 
— one of my favourite areas of the Moon. 


WHERE TO FIND IT 


The Mare Crisium is one 
of the most recognisable 
lunar seas, being clearly 
separate from the main 

system of maria 
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Crater Proclus 


Words: Patrick Moore 


PROCLUS HAS A diameter of 29km, but is 
5.5km deep. It’s always identifiable whenever it’s 
in sunlight, partly because of its brightness and 
partly because of its position. It was named after 
the Athenian philosopher and mathematician, 
Proclus Diadochus (410-485 AD). Proclus lies 

at the eastern tip of the Palus Somni, the Marsh 
of Sleep. It has a very sharp rim, and the walls 
are steep and continuous. There is a low central 


< mountain, which I always find a very easy object 
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to observe with a small telescope. 

The crater is the centre of a bright ray system, 
but unlike the major ray systems this one is not 
symmetrical. To the east lies an upland, on the 


TYPE Crater 

SIZE 26.9km 

AGE No older than 
1.1 billion years 
LOCATION 

Latitude 16.1°N, 
longitude 46.8°E 
RECOMMENDED KIT 


4- to 6-inch telescope 


Proclus is always identifiable 
whenever it’s in sunlight, partly 
because of its brightness and 
partly because of its position 


Swift 


Peirce 


Mare Crisium 


Promontorium 
Olivium 


Small but well 

defined, Proclus can 

be found very close to 
the easily identifiable 
Mare Crisium 


Picard 
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far side of which is the famous Mare Crisium, the 
Sea of Crises. The rays extend across the uplands 
and on to the Mare Crisium, and they are fairly 
prominent when seen under high illumination. 
The situation to the west of Proclus is quite 
different. The rays extend for some distance but 
do not enter the Palus Somnii. Instead, the marsh 
is bounded to either side by a ray, and the colour 
of the darker material towards the rays is rather 
unusual. It is clear that the Proclus rays were 
formed in a different manner from those of the 
major systems such as Tycho. 

On the side of the Mare Crisium facing 
Proclus there are two capes — Lavinium and 
Olivium. The capes are separated by two 
low, curved ridges, and many years ago some 
observers reported seeing a ‘bridge’ from one 
cape to the other. This is certainly not the case 
— there is nothing at all strange about these two 
capes. The land towards the Mare Crisium and 
Proclus is brighter, and very rough, with no 
particularly well-marked formations. 

There is one crater, Fredholm, which is 13km 
across and fairly regular in shape. I have looked 
for a central mountain inside it, but I have never 
seen one. The position of Proclus means that it 
comes into view not very long after a new Moon, 
and remains visible until well after the full Moon, 
before it is cut off from the sunlight. It is well 
worth watching and photographing this area at 
times of sunrise and sunset. 

Every casual observer of the Moon will be able 
to identify the Mare Crisium. On the Earth-facing 
side of the Moon it is the only prominent ‘sea’ that 
is separated from the main mass, and this makes 
it stand out. There are not many major craters on 
the mare, just Picard and Peirce, together with 
Swift (formerly known as Peirce B). The boundary 
of the Mare Crisium is well-identified everywhere, 
and the colour is decidedly different from that of 
the outer regions. All maps of the Moon, even the 
earliest, show it unmistakably. 
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Mare Vaporum 


Words: Pete Lawrence 


TYPE Sea 

SIZE 330x200km 

AGE Between 3.9 and 4.2 billion years 
LOCATION Latitude 4.1°E, 

longitude 13.2°N 

RECOMMENDED KIT 4-inch telescope 


WHERE TO FIND IT 


THE MARE VAPORUM is a relatively 
small elliptical sea located slightly north 
of the centre of the Moon’s disc as seen 
from Earth, nestled in the region between 
the Mare Imbrium, Mare Serenitatis and 
Mare Tranquillitatis. This makes locating 
the Mare Vaporum relatively easy. 
Telescopically, the dark lava covering 
Vaporum’s floor is fairly nondescript to 
the west as it flows into the foothills of 
the giant Appenine mountain range. 
When the Sun is low in the lunar sky, 
shadows creep along Vaporum’s floor and 
reveal a number of wrinkle ridges, more 
obvious to the south and west. A small 
raised patch is present in the middle of 
the northern region of the sea and there 
are various lunar domes clustered here. 
To the east of this complex is a subtle 
north-south ridge that passes just west 
of the small crater Manilius D (5km). A 
7x11km volcanic lunar dome sits slightly 
north and west of Manilus D, again best 
seen under oblique illumination. 
Manilus (40km) is the more substantial 
crater located close to Vaporum’s eastern 
shore. It’s a prominent crater with a sharp 
rim rising to a height of 2,400m; it also 
contains a central mountain complex. 
A gap in the southern boundary of 
Vaporum naturally leads the eye towards 
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4 Sitting close to the centre of the Earth-facing hemisphere, the Mare Vaporum is easy 
to find; its most substantial crater, close to its eastern shore, is 40km-wide Manilus 


A gap in the southern boundary leads 
the eye to the fantastic Rima Hyginus 


the fantastic Rima Hyginus. It appears 
as a crack that seems to change direction 
when it passes the 10km crater Hyginus. 
It’s reminiscent of a bird gliding towards 
you, with the crater representing the 
bird’s body and the cracks its wings. 
Craterlets appear along the crack 
sections, indicating that volcanism 

may have played a part in the feature’s 
formation. The region of mare 
immediately north of Hyginus is 

much rougher than the rest of Vaporum. 
The most prominent feature visible to 
the west of Hyginus is the slightly 
triangular crater Ukert (23km). 

If you fancy a challenge, there are a 
couple of unusual features on the 
northern shores of the mare that are 
worth looking out for with high 


magnification. The first lies close to 
the small crater Yangel (9km). Once 
you ve located the crater look just to 
the south of it, heading in towards 
the Mare Vaporum. Here you'll find 
a roughened terrain. Concentrate 
and see if you can make out the 
curious form of Rima Yangel. This 
appears as a 2km-wide flat track that 
resembles an east-west road running 
through the region. 

Approximately 45km to the west of 
Yangel lies another curiosity. Here there’s 
a dark volcanic dome that sits on the 
southern edge of a small, 5km circular 
crater rim. The part of the rim to the west 
is higher and better defined than that to 
the east. Together these are referred to as 
the ‘hook and dome’. 
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<The Mare 
Marginis, or 
Marginal Sea, 
is a tricky spot 
right on the 
edge of the 
lunar limb 


Mare Marginis 


Words: Patrick Moore 


TYPE Sea 
SIZE 420km 
AGE Unknown 


LOCATION Latitude 13°N, longitude 88°E 
RECOMMENDED KIT 4- to 6-inch telescope 


THIS MARE IS not well- 
known, and not particularly 


easy to observe. The ‘Marginal 


Sea’ lies at the edge of the 


Earth-turned hemisphere, east 


of the Mare Crisium, so that 
it is very foreshortened. I have 
found that the best guides to 
it are the craters Hansen and 
Alhazen, both around 40km 
in diameter and both fairly 
regular in shape; Marginis 


lies limbward of the pair 
(there are two smaller named 
craters between Hansen and 
the mare, the 10km Sabatier 
and the 8km Theiler). To 

see the area even reasonably 
well you have to wait for the 
best conditions of libration, 
ie when the Mare Crisium 
appears at its maximum 
distance away from the limb. 
There are several unusual 
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features around Marginis, 

not shared by other limb seas 
such as the Mare Smythii. It is 
decidedly irregular in outline, 
and is not associated with a 
mass concentration. 

It gives the impression of 
being rather thin, so that it 
marks a relatively depressed 
area of the highlands where 
the mare lava was only just 
able to reach the surface. 

On the floor are some 

small features, some circular 
and others elliptical, which 
have been interpreted as 
impact craters buried ina 
shallow layer of lava. There 
are some curious bright 
‘swirls’, possibly of the same 
type as the famous Reiner 
Gamma on the floor of the 
Oceanus Procellarum. 

Incidentally, it is worth 
nothing that Marginis is 
antipodal to the Orientale 
impact basin, and it has been 
suggested that there may be 
some connection; certainly 
the whole antipodal region 


seems to have been affected 
by the huge impact that 
produced Orientale. This 

is widely believed to have 
been the last of the major 
impacts, so that Marginis 
might also be young by lunar 
standards — but there have 
also been suggestions that it 
might be pre-Nectarian. In 
fact, we are still not certain 
about its age. 

There are some larger, 
lava-flooded craters in the 
area, whose floors lie below 
the level of the surrounding 
uplands — another indication 
that the lavas were close to 
the surface. The much more 
prominent Al-Biruni lies to 
the north of Marginis, with 
Goddard to the northwest and 
Ibn Yunus to the southeast. 
The dark-floored Goddard, 
89km in diameter, adjoins 
the Mare Marginis, but is so 
foreshortened that it is hard to 
identify even when libration 
conditions are ideal. 

Obviously, the Mare 
Marginis is one of the very 
first formations to vanish 
after full Moon, and it is 
not surprising that early 
selenographers missed it. 

It was overlooked even by 
Beer and von Madler, so that 
the name is more ‘modern’. 
In general not very much 
attention is paid to it, but it 
is certainly worth taking the 
trouble to locate this strange, 
rather challenging limb sea. 


/ a 
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Mare Tranquillitatis 


Words: Patrick Moore 


THIS SEA WAS where the first men on 
the Moon, Neil Armstrong and Buzz 
Aldrin of Apollo 11, touched down in 
1969. Three quotes from the astronauts 
will always be remembered, two from 
Neil and one from Buzz. The first came 
from Neil: “The Eagle has landed,” and 
the second also from him as he stepped 
out onto the surface: “That’s one small 
step for man, one giant leap for 
mankind.” (Apparently he meant to say ‘a 
man’, but the ‘a’ was lost.) The third was 
the comment by Buzz as he looked out 
across the plain: “Magnificent desolation.” 
Nothing could be more appropriate. 
Tranquillitatis is one of the major seas, 
prominent with the naked eye; it comes 
into view before first quarter, and parts of 
it remain for some time after full. Its area 
is just about the same as our Black Sea, 
and it is well-defined, but lacks the 
regular mountainous borders of the 
neighbouring Mare Serenitatis. Between 
the two, the magnificent high-walled 
crater Plinius stands sentinel. The 
irregular borders of the sea are due to 
the connections with not only Serenitatis, 
but also with the Mare Nectaris and 
Mare Fecunditatis. To the northeast, 
basalt from it has flowed out on to the 
Palus Somni (Marsh of Sleep), which is 


WHERE TO FIND IT 


TYPE Sea 

SIZE 873km 

AGE Between 3.1 and 3.85 billion years 
LOCATION Latitude 8.5°N, 

longitude 31.4°E 

RECOMMENDED KIT 

A-inch telescope 


It was here that the first men on the 
Moon, Neil Armstrong and Buzz Aldrin 
of Apollo 11, touched down in 1969 


unmistakable because of its curious 
straight borders to either side, 
together with its unusual colour; the 
exceptionally bright crater Proclus 
lies at its far end. Proclus is only 
29km across, but is so brilliant that it 
can be identified whenever it is sunlit. 
Tranquillitatis itself has a bluish tinge, 
probably due to a relatively high metal 
content in its surface material. 

Our knowledge of the Moon’s past 
history is probably at least reasonably 
accurate. The Nectarian era lasted 
from 3.92 to 3.85 billion years ago, 
and was succeeded by the Imbrian, 
from 3.85 to 3.2 billion years ago; the 
old Tranquillitatis basin, in which 
the mare lies, is pre-Nectarian, but 
the mare itself is Imbrian. The Late 
Heavy Bombardment, when the 
Moon was pelted by space debris, 
lasted from 4.1 to 3.8 billion years ago, 
so Tranquillitatis more or less escaped. 
There are no major impact craters on its 
floor, though a few smaller ones, notably 
the 13km Cauchy, are surprisingly 


Mare Tranquillitatis 


Ranger 8 
landing site 


Apollo 11 
landing site 


conspicuous. There are plenty of ridges 
and low mounds, and two long rilles, 
one to either side of Cauchy. 

The first probe to land in 
Tranquillitatis was Ranger 8 in 1965. 
Great care was taken in the choice of 
a site for the first manned mission 
— the site had to be radar accessible, 
free of major craters, and as level as 
possible. The Mare Tranquillitatis 
seemed eminently suitable; the actual 
landing was at 0.7°N and 23.5°E. The 
area has been officially named Statio 
Tranquillitatis, and three small craters 
there have been named Armstrong, 
Aldrin and Collins. 

If all goes well, men will be back on the 
Moon in the foreseeable future. No doubt 
Statio Tranquillitatis will be revisited and 
become a major tourist attraction. There 
will be traces of that first mission, notably 
the bottom stage of the Eagle lander, used 
as a launching pad; future astronauts will 
see it, and gaze across that ‘magnificent 
desolation’ just as the pioneer Moon-men 
did many years earlier. 


Plinius ) 
— 


Proclus 


Palus Somni 


Cauchy 
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THE MOON'S TRUE 


COLOURS 


More than just a silvery circle in the sky, our Moon’s 
mineral deposits grant it many glorious shades 


WORDS: KEVIN KILBURN 


CAUSES OF COLOUR 


The Moon's shades differ due to deposits of minerals 


MARE IMBRIUM 
Titanium-rich basalts mixed with brown 
lavas filling the northeastern corner 


COLOUR ON THE MOON 


MARE TRANQUILLITATIS 
Dark blue-tinted, titanium- 
rich basalts overflowing 
into the eastern side of 

the Mare Serenitatis 


_ Lunar sea predominantly | i 


«4a with brown, \ ‘iron*ri 


ARISTARCHUS PLATEAU (WOOD’S spor) 
Dark yellow thomboid thought to be sett 
with orange glass deposits 


ARISTARCHUS CRATER - 
Very bright, bluish titanium-rich 
glassy deposits near to the crater 


COPERNICUS IND KEPLER. 
Bright impact ejecta blankets ovetying 
~ basalts and ancient 16) 


rain your telescope on the full Moon, obvious. The area that stands out most is Wood’s 
and you could be rewarded with a Spot, a patch the shape of a rhomboid with a side 
glimpse of one of its most subtle aspects 200km long. Its elevated terrain lies immediately 
—its colours. The best way to see Moon northwest of the well-known crater Aristarchus, 


colour is to attempt to draw it, if only in your 
imagination. When you're at the eyepiece, think to 
yourself, how would I draw what’s on view? Would 
black ink on a white background really be enough 
to capture the Aristarchus plateau? No, definitely 
not. Would the more 
subtle use of charcoal 

or lead depict its shades 
of grey more faithfully 

— or would you include 
coloured pencil, perhaps 
cream, yellow, or even 
blue, brown and purple? 
When you start to think in these terms, you'll 


which is 40km across. Even a 3-inch telescope will 
detect colour here and, with a bigger instrument 
and a reasonably high magnification, the dirty 
yellow of the Aristarchus plateau (also known as 
Wood’s Spot) really shows up. It compares well 


with the more neutral 
greys of the surrounding 
Oceanus Procellarum 
and the much 

brighter, slightly 
blue-white material that 
immediately surrounds 
crater Aristarchus. 


Another colourful region, best seen with lower 


begin to appreciate the Moon’s real colours. magnification, is the Mare Serenitatis. Its lighter 


Some people see colour on the lunar surface 
more easily than others — it depends on how 
perceptive you are to different colours — but once 


centre is a distinctly ‘warmer’ shade than the dark 
eastern rim — made up of bluish basalt — that 
overflows from the Mare Tranquillitatis. Some 


you have recognised lunar colour it becomes more have reported seeing the Mare Fecunditatis, > 
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» near to the crater Langrenus, as a cool green. 
However, the warm tints of lava spreading across 
most of the northeast corner of the Mare Imbrium 
are, to many, more difficult to discern. While most 
of the lunar maria show some surface colour, the 
heavily cratered southern portion of the Earth- facing 
hemisphere does not. This suggests that its bombarded 
landscape predates the formation of the maria, which 
are younger and more colourful, by a billion years. 


Fun with photometry 
Moon colour has been useful to professional lunar 
scientists for the best part of a century. Since 1910, 
studies measured the Moon’s surface brightness 
with calibrated colour filters — a technique known 
as colour photometry. They have also compared 
filtered monochrome photographs which show a 
difference in relative brightness of the surface 
depending which colour filter is used. 

In 1929, the American astronomer WH Wright 
used the 60-inch Crossley reflector at the Lick 


4 The southern half of 
the Moon’s Earth-facing 
hemisphere does not 
display as much colour as 
the northern one 


WOOD'S SPOT 


In 1910 Prof Robert Wood, a physicist 
at Johns Hopkins University in 
Maryland, described the Aristarchus 
plateau — later known as ‘Wood’s 
Spot’ - as an elevated region about 
2km high and 200km across. He also 
observed that it was the darkest area 
of the Moon in the ultraviolet and 
thought that the area showed 
indications of sulphur deposits. 
Visually, Wood’s Spot appears 
distinctly yellow-brown in colour; one 
reason for this could be the marked 


contrast with crater Aristachus, 

which sits right next to it. In 2005, 

the Hubble Advanced Camera for 
Surveys imaged the Aristarchus region 
in visual and ultraviolet light. When 
compared with photometric data from 
Apollo 15 and Apollo 17 soil samples, 
of which the chemistry is known, 

the crater was found to have high 
concentrations of glass in its soil. It 
was also found to contain ilmenite, 

a titanium dioxide mineral, which 
may account for its bluish colour. 
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Observatory in California to take pairs of prime 
focus photographs of the Moon in ultraviolet 
and infrared. In these images, reddish colour 
showed dark in the ultraviolet, and bluer colour 
showed dark in the near infrared. Wood’s Spot 
showed the greatest difference: it was very dark 
in the ultraviolet, but barely showed up in the 
infrared image. He found the next most 
conspicuous colour difference in the Mare 
Imbrium, near the Sinus Iridum, where the 
infrared image “showed a dark marking 
sprawling irregularly over the lower part of 

the sea and ramifying into the bay”. 

Although Wright’s observations didn’t convey 
what Moon colour really looked like, his technique 
enabled scientists to compare the reflectivity of the 
rocks in the lunar seas at different wavelengths 
with rock samples from volcanic areas on Earth. 
This established that the rocks of the lunar maria 
were similar to terrestrial basalts and lavas, 
decades before physical samples were available. 

In the 1950s, monochrome photographs taken 
by Dinsmore Alter, director of the Griffith 
Observatory in Los Angeles, were also used 
to isolate colour differences. He did this by 
using blue and infrared filters — he combined 
a negative image taken in one wavelength with 
a positive image taken in another. In this way 
Alter was able to distinguish between very 
subtle variations in shade. 

By the early 1970s, the Apollo era had arrived 
and samples retrieved from the lunar surface were 
compared with terrestrial rocks as ‘ground truth’ 
material. These investigations analysed mineral 
content and the rocks’ spectrophotometric 
signatures — the intensity of reflected light at 
different colours — to better understand the 
Moon’s chemical composition. 

Moon colour paid dividends, and was later 
employed by multi-spectral, remote surveys on 
orbiting Apollo spacecraft. The later Clementine 
lunar mission and the Galileo probe also made 
observations of lunar colour. The latter, en route 
to Jupiter, studied the relative age distribution 
and stratigraphy, or layering, of lunar cratering 


COLOUR ON THE MOON 


False-colour mosaics such 
as this one made from 
Galileo probe data give 
us better insights into 

the Moon’s mineral 
composition 


4 The Copernicus and Kepler impact zones 
show complex, multi-layered stratigraphy 


that followed the volcanic flooding of the major Unlike traditional photography, digital pictures of 
mare basins some three billion years ago. the Moon contain far more information, which 
For amateur observers, lunar colour has can be easily extracted with image-processing 
always seemed to be just on or below the software. Any decent, well-focused picture of 
threshold of visual detection. This is why most the full Moon taken through a telescope can be 


maps of the Moon are monotone. The only 
lunar map to show colour was drawn in 
1948 by the French astronomer Lucien 
Rudaux for the original French 
edition of the Larousse Encyclopaedia 
of Astronomy. 

This goes to show that any 
competent observer could have 
visually investigated Moon ft 
colour at any time during much e 
of the past 70 years, yet few 
people have recorded it. A 1940 
paper called “The Harvests Of 
Plato’ by British observer Robert 
Barker published in the magazine 
Popular Astronomy carries 
significant colour references; 
otherwise the best sources of colour 
observation are reports from the British 
Astronomical Association’s lunar section in 


processed to show its colour. This is the case 
= whether the image is of the whole disc or a 
s . close-up of a particular lunar region. 
Pn ‘ Colour can reveal a lot about lunar 
nae strata, or rock layers. You can see 
A%.%\ the Moon’s history in the ejecta 
Sane _ blankets from impact cratering 
and the way they are juxtaposed 
with older and younger features. 
The Mare Imbrium becomes a 
multi-layered structure with 
reddish lava flows and 
submerged craters, while the 
ae i ae Oceanus Procellarum, with its 
; ‘4 complex overlayering from the 
--. impacts of Copernicus, Kepler and 
.  Aristarchus, presents an incredibly 
2 ig detailed account of lunar bombardment. 
Pools of deep blue basalt show clearly 
within Procellarum’s complex surface, 


S, 


ee 


the Journal of the BAA. and there is a distinct bluish colouration 
4 Lucien Rudaux’s surrounding Aristarchus. NASA’s remote 

Digital colour illustration shows the imaging analysis reveals that this may be due 
Two books from the 1950s and 1960s — VA ee to the titanium-rich content of the freshly 
Firsoff’s Strange World of the Moon and Gilbert impacted subsurface and its otherwise much 
Fielder’s Lunar Geology — refer to colour. Fielder, a older, sunlight-eroded areas contrasting with 
Manchester astronomer, carried out investigations the surrounding surface basalts. Red, iron- 
from the Pic du Midi Observatory in the French rich lava flows on the Imbrian plain stand in 
Pyrenees as part of NASA's pre-Apollo lunar contrast to these bluer basalts, while the yellow- 
research project. Most contemporary Moon books brown colouration of the Aristarchus plateau 
never mention colour as it’s a challenge to see. suggests a covering of orange glass, perhaps 

Nowadays, though, we have a new tool: digital of pyroclastic origin, laid down during the 
photography, which can easily show Moon colour. Imbrian period. 
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We move now fo the much more 
heavily cratered southeast, where 
you'll tind a scarp once thought to 
be a mountain, imposing crater 
chains and Messier's ‘comet 
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Mare Fecunditatis 


Messier A 


Messier E 


Lubbock 


Messier B 


Messier 


Messier D 


The curious forms of Messier 
and Messier A with their double 
ray extending to the west 


Craters Messier & Messier A 


Words: Patrick Moore 


TYPE Craters 
SIZE 9km and 13km 
AGE Hundreds of millions of years 


LOCATION Latitude 1.9°S, 
longitude 47.6°E 
RECOMMENDED KIT 6-inch telescope 


THIS PAIR OF craters may be small, but 
they are very interesting. Messier and 
Messier A lie on the Mare Fecunditatis 
(Sea of Fertility), well northwest of crater 
Langrenus, so they come into view at an 
early stage in the lunation and remain 
sunlit until well after full Moon. 

Small though they are, they are 
extremely easy to identify, partly because 
of their unusual characteristics and 
partly because there are no other 
prominent formations anywhere near 
them. The name honours the French 
astronomer Charles Messier (1730-1817), 
the comet hunter best remembered for 
his catalogue of star clusters and nebulae. 

Messier A was originally named after 
the American lunar and planetary 
observer William H Pickering, but for 
some unknown reason his name was 
deleted by the lunar commission of the 
International Astronomical Union. I have 
never understood why. I was a member of 
that Commission for many years, but the 
decision to delete Pickering’s name was 
made long before my time. 

Wilhelm Beer and Johann Heinrich 
von Madler, the German observers who 
drew the first good map of the Moon, 


made hundreds of drawings of the pair 
between 1830 and 1838, and described 
them as being exactly alike — in fact, 
identical twins. This is certainly not the 
case today. Messier A is appreciably the 
larger (13x11km compared to 9x11km) 
and the two differ in shape; Messier is 
elliptical while A is a much less regular 
doublet and is deeper. 

Inevitably there have been suggestions 
that changes have taken place since Beer 
and Madler published their map in 1839, 
but it must be remembered that they 
were using only a small telescope (the 
refractor in Madler’s private observatory) 
and the appearance of the twins changes 
dramatically from night to night. 

Several times I have used my 4-inch 
refractor, which is about the same size as 
Madler’s, to draw the twins on every 
available night throughout a complete 
lunation. Sometimes they look alike, but 
more generally they are different. It all 


depends upon the angle of solar illumination. 


Detailed images have been obtained by 
orbiting spacecraft, and confirm that 
there has been no recent activity there. 
The twins are of Copernican age, 
and by lunar standards are very young, 
but they were still formed hundreds of 
millions of years ago. Messier may have 
been formed by an asteroid coming 
in at a low angle and A could be the 
result of a rebound by the impactor, 
or two bodies may have hit at the 
same time. Opinions differ. 
A curious double ray extends westward 
from the rim of A, crossing the Mare 
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Fecunditatis and running for 100km 
before ending not far from the 14km 
crater Lubbock. For obvious reasons 
this ray is nicknamed the ‘comet’, and 
there is nothing quite like it anywhere 
else on the Moon. There are several 
satellite craters on the mare in the 
general area of the twins, but all are 
small and shallow. The largest, D and E, 
lie south of the pair; D is 8km in 
diameter, E only 5km. To the northwest 
there is a long, delicate rill, known 
officially as Rima Messier. 

If you want to make a really fascinating 
series of observations, I recommend you 
take a telescope — even a small one, such 
as a 3-inch refractor — and follow my 
plan of drawing the Messier twins on 
every possible night. I think you will 
be intrigued at the result, just as I first 
tried it over 70 years ago. 


WHERE TO FIND IT 


Southeast 


MOONWATCH 


Crater Langrenus 


Words: Patrick Moore 


ONE OF THE most imposing craters on the 
Moon, Langrenus is a member of the great Eastern 
Chain, which includes Vendelinus and Petavius. 
It is named in honour of the Belgian astronomer 
Michel Florent van Langren (1600-1675), who 
drew one of the best of the early lunar maps. 

Crater Langrenus comes into view not long 
after new Moon, and is always easy to locate. 

It lies at the edge of the Mare Fecunditatis and 
has high, continuous walls, on average 20km 
wide, which in places rise to over 2.5km above 
its floor. The inner wall is terraced, while the 
outer ramparts are hilly and irregular. The 
highest of the central peaks reaches at least 1km. 
The whole of the floor is strewn with boulders, 
but there is no rille. The floor also has a higher 
albedo than the surrounding surface, so that 
under high illumination the crater looks like 

a conspicuous bright patch. Vendelinus, to the 
south, is of much the same size, but obviously 
older with lower, broken walls. 

For many years lunar observers have reported 
occasional glows, brightenings and obscurations 
on the Moon’s surface; they have become known 
as transient lunar phenomena (TLP). Some craters, 
such as the brilliant Aristarchus, seemed to be 
particularly subject to them. 

Langrenus was not expected to be a TLP- 
prone area, but when observing it using the 
33-inch refractor telescope at the Meudon 
Observatory on 30 December 1992, the French 
astronomer Audouin Dollfus, one of the world’s 
leading planetary observers, wrote: “Glows have 
been recorded on the lunar surface, on the floor 
of the crater Langrenus. They were not present 
the day before. Their shape and brightness were 
considerably modified three days later. These 
glows also appeared briefly in polarised light. 
They are apparently due to dust grain levitations 
above the lunar surface under the effect of gas 
escaping from the soil. The Moon appears as a 
celestial body which is not totally dead.” 

There are several prominent satellite formations 
around Langrenus, notably a triangle of well- 
formed little craters to the northwest formerly 
known as Bilharz, Naonobu and Atwood. Bilharz, 
the largest of them, is 43km in diameter. The 
region between Langrenus and the limb is well 
worth exploring under favourable conditions of 
libration, because there are some interesting major 
formations, obviously very foreshortened; for 
example La Pérouse, Ansgarius and Kastner. But 
never forget Langrenus itself. There have been 
no further reports of TLP activity here since 
Dollfus’s observations, but what can happen 
once can happen again. 


TYPE Crater 

SIZE 132km 

AGE Around 800 
million years 
LOCATION 

Latitude 8.9°S, 
longitude 60.9°E 
RECOMMENDED KIT 
A-inch telescope 


WHERE TO FIND IT 


Naonobu 


’ 


, fe 


} 


Langrenus 


Langrenus has been a 
hotbed of transient lunar 
phenomena in the past 
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Crater 


Theophilus 


Words: Patrick Moore 


TYPE Crater 
SIZE 100km 


AGE Between 1.1 and 3.2 billion years 


LOCATION Latitude 11.4°S, longitude 2.4°E 
RECOMMENDED KIT 4-inch telescope 


ONE OF THE most majestic 
craters on the whole of the 
Moon, Theophilus is in every 
way the equal of Copernicus 
— apart from having no ray 
system. It is named after 
a rather ferocious Pope, 
Theophilus of Alexandria, 
who died in 412 AD. 

The 100km-wide crater 
is one of a chain of three huge 
formations to the 


north of the Mare Nectaris 
and south of that part of 
the Mare Tranquillitatis 
now officially called the 
Sinus Asperitatis. Its high, 
terraced walls give 
Theophilus a very regular, 
circular shape; the rim rises 
to 1,200m above the 
surrounding terrain and is 
continuous, with evidence 
of some inner landslips. 
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< Theophilus 
must be older 
than adjoining 
crater Cyrillus, 
as it intrudes 
into the latter 
crater’s rim 


m 
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The inner wall contains 
only one obvious crater, 
Theophilus B, with a diameter 
of 8km. The floor of Theophilus 
is relatively flat, with a 
prominent, complex central 
structure with four main 
peaks that climb to a height 
of almost 2,000m above the 
deepest part of the floor. 

Theophilus was formed by 
a massive impact during the 
Eratosthenian period between 
1.1 and 3.2 billion years 
ago. Several pieces of basalt 
brought home by the Apollo 
16 astronauts John Young and 
Charles Duke may well be due 
to that event — in which case 
NASA’s laboratories actually 
hold fragments of Theophilus. 
The Eratosthenian period 
was one of the most active 
in the history of the Moon, 
and many of the spectacular 
craters we now see date from 
that time. 

Theophilus intrudes 
into the northeast rim 
of the 988km-wide crater 
Cyrillus, which must 
therefore be somewhat older; 
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eophilus 
its walls remain intact right 
up to the point of junction. 
The floor of Cyrillus, 
which is named after Pope 
Theophilus’s nephew and 
successor, is less level than 
that of Theophilus, with a 
moderate central hill and one 
prominent crater, Cyrillus 
A, which has a diameter of 
17km. The third member of 
the trio is the 104km wide 
crater Catharina. It is older 
still, with relatively low and 
irregular walls. There is a 
curved ridge on its floor, 
but no central peak. 

The Theophilus trio 
comes into view during a 
comparatively early stage in 
the lunation, and remains 
visible until well after 
full Moon. It is always 
easy to locate and is a 
favourite target for lunar 
photographers. Catch it 
when the Sun is just rising 
or setting over it and you 
will find that the view is truly 
magnificent. Nowhere else on 
the Moon is there anything 
quite like it. 


»), Southeast 


MOON WAGE 


Mare Nectaris 


Words: Pete Lawrence 


Mare 
Tranquillitatis 


TYPE Sea 
SIZE 360km 
AGE Between 3.85 and 3.92 billion years 


LOCATION Latitude 15.0°S, longitude 35.0°E 
RECOMMENDED KIT 4-inch telescope 


THE MARE NECTARIS is a basin 
located south of the Mare Tranquillitatis 
and west of the Mare Fecunditatis. Its 
diameter of 360km is approximately the 
distance between London and Kendal as 
the crow flies, and its area of 101,000 


square km is only slightly less than that aaa: — 9 
of the whole of England. ‘Cyril \ t Se q 

Most of the floor is flat and Of yee 7 7, “Hy, ; ' 
pockmarked with craterlets. A bright ray : “4p " Mare Nectaris uN Bohnenberger_ 
from the distinctive 88km-wide crater Catharing *& 
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Tycho slashes across it, creating a bright Rosse ‘3 os 


stripe that runs diagonally from the 
southwest to the northeast. Tycho is 
1,400km southwest of the Mare 
Nectaris. Despite being bordered by 
some amazing features, the largest 
distinct crater found well within its 
bounds is bowl-shaped Rosse. This 


12km-wide feature is easy to spot z : fi , >” , : iM a t \ : The Mare Nectaris 
with a 4-inch telescope. aes ee MMA beh is one of the smaller 
Close to the northern shore is the Ww SC ae See , lunar seas, yet it still 
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larger (48km wide) but less distinctive Nk Rae? ve covers an area only 
Daguerre, which has been flooded by / : slightly less than that 
Nectarian lava and is now classified as a eee 
ghost crater. Such features are best seen 
when the lighting is oblique, a situation 
which occurs when the terminator is 
nearby. Seen under direct illumination, 
Daguerre almost disappears from view. I 
West of Daguerre and close to the 
northwestern shore is 30km-wide 
Madler, a distinctive crater that 
possesses terraced walls and is easily boundary is virtually missing, marked 
seen with a small scope. A raised central only bya region of rough terrain best 
ridge, running north to south, is visible seen when the terminator is nearby. As 


under high illumination. a consequence, it looks just like a 
Madler lies to the east of 104km-wide — smooth extension of the mare. 
Theophilus, a famous crater rich in The eastern boundary is marked by 
detail. It is the northernmost of a trio 34km-wide crater Bohnenberger and 
of large craters that arc around the similar-sized (30km) Bohnenberger A. 
western boundary of the Mare Nectaris. A wrinkle ridge concentric with the 
The middle crater is 98km-wide mare boundary can be seen west of 
Cyrillus; the southern end is marked Bohnenberger when the lighting is 
by eroded, 104km-wide Catharina. oblique. A small scope will reveal the 
The sea’s southern boundary is 260km mountain range that divides 
interrupted by 128km-wide crater the Mare Nectaris and the Mare 
Fracastorius, which has also been Fecunditatis. Northwest of the range 
flooded with lava. Its northern lies 34km-wide crater Gaudibert. 
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Crater Vendelinus 


Words: Patrick Moore 


Mare Fecunditatis 


Langrenus 


Vendelinus 


Holden 


Pefavius 


Vendelinus lies 
in the Eastern Chain, 
but is quite different 

from its neighbours in 
several respects 


VENDELINUS IS PART of the Eastern Chain of 


craters, of which other prominent members are TYPE Crater 
Langrenus and Petavius. It is named in honour SIZE 147km 

of Belgian astronomer Godefroid Wendelin AGE Between 3.9 
(1580-1667). Vendelinus lies about midway and 4.5 billion years 


LOCATION 

Latitude 16.3°S, 
longitude 61.8°E 
RECOMMENDED KIT 
4-to 6-inch 
telescope 


between Petavius and Langrenus at the limbward 
edge of the Mare Fecunditatis. It comes into view 


WHERE TO FIND IT 
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soon after new Moon, and disappears into lunar 
night not long after full. 

These three members of the Eastern Chain 
are not alike, though all are of much the same 
size. Both Petavius and Langrenus are regular, 
with high walls, whereas Vendelinus has been 
considerably degraded and seems therefore to be 
older than the others. Its walls are distorted, and 
much less regular than those of the other two 
craters. To its northeast, there is an intrusion by 
the 72km-diameter crater Lamé. 

The floor of Vendelinus is generally smooth, 
and there is no trace of a central mountain as in 
the other two principal members of the Eastern 
Chain. There are, however, several very obvious 
craters within it, such as H, L and Z. There seems 
to be a lack of tiny crater pits, and I have made 
searches for them without success. Obviously the 
floor has been flooded at a fairly late stage, and 
that has removed anything that remained of the 
central mountain — if indeed one ever existed. 

The smaller crater Lohse, with a central peak, 
intrudes from the northwest, while to the south 
lies Holden, 40km in diameter and decidedly deep. 

The position of Vendelinus not too far from the 
limb means that it can only be well seen under 
fairly oblique illumination. To its southeast there 
is a large formation, Balmer, which has a diameter 
not much less than that of Vendelinus but has very 
reduced walls and a smooth floor. Further toward 
the limb are other well formed craters, of which 
the most prominent are Behaim and Gibbs. We 
can only speculate about the appearance of this 
area earlier in lunar evolution. 

When the Sun is rising or setting, Vendelinus 
and its companions make a grand picture, but 
near full Moon they become hard to identify, 
though their position on the coast of the Mare 
Fecunditatis can always be found. 

All three craters are shown on all the early lunar 
maps. In 1992 the French astronomer Audouin 
Dollfus observed activity inside Langrenus, but 
nothing else has been recorded in any of the three 
big craters of the Eastern Chain either before or 
since. Following the progress from sunrise over 
Vendelinus, and seeing how the various minor 
formations on its limbward side come into view, 
doesn’t need a large aperture telescope, and the 
results can be very pleasing. 


(FP Southeast _ 
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Crater Catharina 


Words: Patrick Moore 


TYPE Crater 
SIZE 100km 
AGE Between 3.85 and 3.92 billion years 


LOCATION Latitude 18.0°S, 
longitude 23.6°E 
RECOMMENDED KIT 4-inch telescope 


CATHARINA, NAMED AFTER 

St Catharine of Alexandria (c282-c307), 
patron of Christian philosophers, is 

the southernmost and oldest member 

of a short chain, of which the other 
members are Theophilus and Cyrillus. 
Theophilus, with its lofty terraced walls 
and high central peak, is one of the most 
magnificent craters of the Moon and 

is identifiable under any conditions of 
illumination. It has broken into Cyrillus, 
which is clearly older and of a similar size 
and retains a low central hill. Catharina, 
much more ancient, is joined to Cyrillus 
by high, rough ground, though the two 
craters do not overlap. 

The whole rim of Catharina is worn 
and irregular. No terracing remains, but 
the walls are more or less continuous 
except in the northeast, where they are 
broken by a large crater, Catharina P, 
with a diameter of 46km. It intrudes 
well into Catharina and adjoining it, 
on Catharina’s wall, is another large 
satellite crater, Catharina B, with a 
diameter of 24km. 

Catharina’s floor, occupied partly by 
the satellite craters P and S, is rugged. 
Presumably there was once a central 
peak, but I can find no trace of it now, 
and neither does much remain of the 
outer rampart. Despite this, it enhances 
the beauty of the Theophilus trio; there 
is nothing else quite like it on the Moon, 
and it can be followed from fairly soon 
after the emerging crescent until some 
time after full Moon. 

The edge of the Mare Nectaris is close 
by to the east, and to the west we have 
what were once known as the Altai 
Mountains, but are now called the Rupes 
Altai—the Altai Scarp. The feature is 
certainly more in the nature of a scarp 
than a mountain range; it is almost 
500km long and is part of the ring system 
of the Mare Nectaris. The eastern side 
rises to an average of 1,829m, but only 
very slightly above the general level to 


Catharina 


the west. Polybius is a well-formed crater, 
32km wide, southwest of Catharina. 
Tacitus, to the northeast of Catharina, 

is 40km in diameter and polygonal in 
outline. It lies midway between Catharina 
and the 64km crater Abulfeda. 

This whole region is particularly 
imposing when the Sun is low over it. 
Make drawings or take photographs 
of it when the Sun is just rising or 
setting. Although Theophilus is always 
dominant, don’t ignore the other 
members of the trio. There is a striking 
and significant contrast between the 
superb, undamaged Theophilus and 
the ancient, battered Catharina. 
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(Fermat r 


Rons 


\ 


Words: Patrick Moore 


THE RUPES ALTAI is marked on many of the 
earliest Moon maps as the Altai Mountains. 
Taking a general view of the region it does 
look as if this scarp is mountainous and, 
superficially, it does look like a mountain 
range, particularly when it is casting a shadow. 
But it is actually part of the ring system around 
the Mare Nectaris. Indeed, the Mare Nectaris 
itself is the central part of a lunar basin that 
has been completely flooded with lava. The 
Rupes Altai simply makes up a well-defined 
continuation of the rim of the mare’s basin. 
The Altai scarp begins near crater Catharina, 
a large feature named after St Catherine 
of Alexandria that has been considerably 
damaged by meteoroid impacts. It is one 
member of a celebrated trio of craters, the 
others being Theophilus and Cyrillus. The 
Altai scarp extends south past crater Fermat 


py 


L 


Rupes Altai: 


\ . 

can be easily found 
by using the muc 

© more conspicuous | 


TYPE Escarpment 
SIZE 480km 
AGE Between 
3.92 and 4.55 


billion years 


LOCATION 

Latitude 23.0°E, 
longitude 24.0°S 
RECOMMENDED KIT 


A-inch telescope 


and almost as far north as crater Tacitus. It is easy 
to find the scarp because the Theophilus trio 
cannot possibly be missed. There is much to be 
learnt by examining these three craters. 
Theophilus itself is the youngest, since it intrudes 
into Cyrillus, which itself intrudes into Catharina. 

Lying north of the northern end of the scarp 
you'll find Tacitus, a prominent and well-formed 
crater, 40km across, named in honour of the 
famous Roman historian. The scarp itself does 
not extend past Tacitus, though under suitable 
lighting it gives the impression of doing so. In 
the region south of the Theophilus trio, look 
for the crater Polybius to one side of the scarp 
and Fermat and Pons on the other. The height 
difference between the east and west of Altai can 
be conspicuous. The scarp rises high above the 
general level of the ground to the east, but only 
very slightly above the levels found to the west. 

It amounts to something like 1,000m. 

Having studied the surroundings of the scarp, 
it is interesting to look around to see how many 
‘mountain ranges’ are not true mountains at 
all, but scarps similar in nature to the Altai 
formation. It’s also interesting to note which 
of the smaller ‘seas’ are nothing more than the 
deepest parts of much larger basins; there are 
quite a number of them. 

The whole area south of the Rupes Altai is 
decidedly rough, even by lunar standards, and 
there is little level ground anywhere. A small or 
medium telescope is adequate to identify the 
Theophilus trio and the Rupes Altai itself. 


Itis interesting to look around to 
see how many ‘mountain ranges’ 
are not true mountains at all, 
but scarps similar in nature 
to the Altai formation 


54. WWW-.SKYATNIGHTMAGAZINE.COM 


Crater Petavius 


Words: Patrick Moore 


TYPE Crater 
SIZE 177km 
AGE Unknown 


LOCATION Latitude 25.3°S, longitude 60.4°E 
RECOMMENDED KIT 4-inch telescope 


V Petavius is an 
imposing crater 
with a striking 
central group 
of mountains 


Petavius is almost perfectly 
circular, though since it 
is not very far from the limb 
it appears foreshortened 
into an ellipse 


TAKE A LOOK at one of the 
most imposing formations 
on the Moon; the walled 
plain Petavius, named after 
the entirely unremarkable 
French theologian Denis 
Pétau (1583-1652). It is a 
member of the great chain 
of formations southeast of 
the Mare Fecunditatis, almost 
perfectly circular, though 
since it is not very far from 
the limb it appears 
foreshortened into an ellipse. 
Other members of the chain 
that are similar in size are 
Langrenus and Vendelinus. 
Langrenus is relatively 
unscathed, but Vendelinus 
has been badly damaged 
by later impacts. 

Petavius has high, 
continuous walls rising 
in places to almost 3.5km 
above the markedly convex 
floor. I have found that 
the best view is obtained 
three days after new Moon. 
The shadows retreat with 
surprising speed and for 
the rest of the lunation, 
until just after full Moon, 
Petavius is identifiable as a 
white oval. Its grandeur then 
reappears briefly before the 
whole region is engulfed by 
the lunar night. 

The wall of Petavius is 
very wide, and is not broken 


anywhere, though the well- 
formed, 57km-wide crater 
Wrottesley touches its outer 
northwest rim. There is 


considerable detail in the wall, 


and a distinct double rim 
along the south and west. 
The floor of the crater has 
been resurfaced by lava flow 
and contains a large, massive 
central mountain group, 
with peaks rising to 1.7km 
above the floor. The group, 
with its multiple peaks, is so 
complex that it is difficult to 
draw accurately — try some 
imaging! But of even greater 


interest is the broad, deep rille 


that runs from the central 
mountain group to the inner 
wall. A very small telescope 
will show it, under suitable 
lighting conditions. It also 
makes it easy to distinguish 
Petavius from Langrenus 

if you're an inexperienced 
observer. In fact it is part 
of a more complex rille 
slystem on the crater floor, 
now known officially as 
Rimae Petavius. 

It is well known that 
transient lunar phenomena 
tend to appear in regions rich 
in rilles; therefore I would not 
have been surprised at a TLP 
report from Petavius. But I 
was surprised to hear of one 
in Langrenus, reported by the 


7) Petavius 


Vallis Palitzsch 


French astronomer Audouin 
Dollfus. My expectations were 
very wide of the mark! 
Palitzsch, outside Petavius 
to the east, was listed as a 
40km crater on older maps. 
Iam not sure who first 
realised it is the southern 
end of a valley that runs 
over 100km beside the eastern 
rim of Petavius. I certainly 
did, in 1935, but no doubt its 
true nature had been 
appreciated much earlier. It 
is now officially known as 


Vallis Palitzsch. Adjoining 
it to the south is the 83km, 
badly damaged crater Hase, 
which gives the impression 
that it ought to be part of 
the Palitzsch valley. Petavius 
has a number of satellite 
craters. The largest of these, 
Petavius B, is 33km in 
diameter and the centre 
of a short ray system. 
Altogether this is a 
fascinating area. Pay close 
attention to it just after the 
next new Moon. 
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Mare Australe 


Words: Patrick Moore 


TYPE Sea 

SIZE 612km 

AGE Between 3.9 and 4.5 billion years 
LOCATION Latitude 40.4°S, 

longitude 94.5°E 

RECOMMENDED KIT 


A-inch telescope 


WHERE TO FIND IT 


THE MARE AUSTRALE is an irregular 
lunar sea, quite different from the other 
well-defined seas such as the Mare 
Crisium. It is best seen immediately after 
full Moon, when it is on the terminator. 

It was shown on most early maps of the 
Moon, even though it extends onto the 
far side and part of it is out of view for a 
short time each month. In any case, it is 
always so foreshortened as seen from 
Earth that it is difficult to see really well; 
it couldn't be fully explored before the era 
of space probes. Indeed, when they sent 
back the first pictures of the far side of the 
Moon, it was at once evident that there 
were no seas of the Mare Crisium type. 


Much of the Mare Australe is beyond 
the lunar limb, only appearing when 
there is good libration 
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Further on the disc, between the 
Mare Australe and the Rheita area, are 
various walled plains, among them 
Vega. The shape of the Mare Australe 
is roughly circular, with a diameter of 
about 600km. Its total area is about 
150,000km? and is covered by craters 
and light plains in many places. From 
this we can establish that the Mare 
Australe is, even by lunar standards, 
very ancient. It seems that the Australe 
Basin was formed in the pre-Nectarian 
era, while the material inside was formed 
in the Upper Imbrium era. 

The best way to locate the sea is to find 
Vega and the adjacent crater Peirescius. It 
is further out towards the limb than these 
formations. The eastern half of the mare 
lies on the far side of the Moon, though 
during periods of favourable libration the 
whole of the sea can be examined. 

At an early stage in the Moon’s 
evolution the Mare Australe may have 
been fairly prominent. It contains various 
craters that are lava flooded though not 
connected, proof that the flooding came 
from below. There is no obvious sign of 
an older basin. 

The Mare Australe can be seen very 
soon after full Moon, but even then the 
opportunities to observe it are limited. 
Detail tends to be lost as the Sun rises 
higher over the area, and the patches 
making up the sea are not large enough 
or well-formed enough to remain easily 
identifiable. It is, however, interesting to 
observe the sea on several consecutive 
nights after it first comes into view, to 
see how much detail you can find. 

Of the craters on the floor of the Mare 
Australe, the largest is Lamb. Its shape is 
more or less circular and it is not overlaid 
by any notable small craters. The interior 
has been resurfaced by basaltic lava. 
Adjoining it is another crater, Jenner, 
which is more regular and easy to find 
under favourable conditions. 
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Craters Steinheil & Watt 


Words: Patrick Moore 


TYPE Craters 
SIZE 26km and 25km 


AGE Between 3.85 and 3.92 billion years 


LOCATION Steinheil: latitude 48.6°S, longitude 46.5°E; 
Watt: latitude 49.5°S, longitude 48.6°E 
RECOMMENDED KIT 6- to 8-inch reflector 


THESE TWO CRATERS are 
not difficult to find, as they 
are quite distinctive except 
under high illumination. They 
lie between Janssen, the huge 
ruined enclosure, and the 
limb, so they come into view 
soon after new Moon and are 
lost soon after full. Steinheil is 
named after the German 
astronomer and physicist Carl 
August von Steinheil (1801- 
1870), and Watt after James 
Watt (1736-1819), the Scottish 
engineer who was so closely 
involved in the development 
of the steam engine. 

Since Steinheil breaks into 
Watt it must be the younger 
of the two — though not by 
much. Both date back to what 
is termed the Nectarian 
period, between 3.85 and 3.92 
billion years ago. Both are 
basically circular, though 
they are not very far from 
the limb and so appear 
decidedly elliptical. They 
are easy to identify; to the 
northwest lies the 
huge, partly ruined 
walled plain Janssen. 

Steinheil has 
continuous walls, 
rising in its western 
part to 3,350m above 
the floor, though the 
walls rise to only a 
modest height above 
the outer landscape. 
There are a few tiny 
craterlets along the 
rim and inner wall, 
with one larger 
craterlet at the base of 
the inner northeast 
rim. The floor itself is 
flattish by lunar 


standards; there are a few 
craterlets, but no sign ofa 
central peak. 

Watt is similar, though the 
northwest third of the rim has 
been overlaid by the intrusion 
of Steinheil, and the rest of the 
rim seems to be rather jagged. 
The floor includes some 
smallish craterlets together 
with delicate ridges and some 
ejecta from Steinheil. 

Twinning is not uncommon 
on the Moon. The Sirsalis and 
Sirsalis A pair, in the Grimaldi 
region, is of the same type as 
Steinheil and Watt, though 
best known for its proximity 
to a prominent rille. In the far 
north we have another pair 
of joined twins, Challis and 
Main. There are also trios 
of formations not joined 
together, such as the 
Archimedes group; there 
are groups of walled plains, 
notably Ptolemaeus, 
Alphonsus and Arzachel, 
and of course there are huge 


WHERE TO FIND IT 


Steinheil breaks into Watt, 
and so must be the younger 
of the'two — twinning in this 
manner is not uncommon 
on the Moon 


Janssen 


chains, such as that which 
includes Petavius and 
Vendelinus. On a much 
smaller scale there are pairs 
such as Beer and Feuillée in 
the Mare Imbrium. 

In fact, the distribution of 
lunar formations is 
emphatically non- 
random, and this was 
one reason why many 
lunar observers 
— including me! — 
believed that they were 
of volcanic origin. 

I have to admit that I 
changed my mind only 
when the evidence in 
favour of the impact 
theory became 
overwhelming. 

All the same, there 
are still some facts 
which worry me. 
Presumably the Watt 
meteorite was followed 


- 


Steinheil 


very quickly by the Steinheil 
meteorite — were they 
travelling together? Why is 
the wall of Watt virtually 
undamaged right up to the 
point where Steinheil overlaps 
it? On a larger scale, look at 
the vast eastern chain: surely 
Vendelinus is older than 
Petavius — and is the Mare 
Crisium just another member? 
We have been to the Moon, 
but we cannot yet claim to 
have solved all of its mysteries. 
The region around Steinheil 
and Watt is very rough, and 
crowded with features. It is 
best examined under fairly 
oblique illumination, and 
after full Moon there is not a 
great deal of time before it is 
engulfed by the night, so 
choose your observing time 
carefully. There is much to 
be learned from these 
strange lunar twins. 


WWW.SKYATNIGHTMAGAZINE.COM 57 


Hadley Rille, imaged by the 
Lunar Reconnaissance Orbiter, 
was the landing site of Apollo 15 
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Discover 


Valleys 


Moon 


Explore the cracks and troughs that 
wind across the lunar surface with — 


our detailed observing guide 


WORDS: PETE LAWRENCE 


he Moon isa fascinating object to lookat 

through any size of telescope. Its surface is 

covered in deep craters, lava-filled basins, 

looming mountains and all manner of 
other geological features. Among'these are cracks in 
the lunar surface known as rilles~ a name derived 
from the German for groove. Most rilles (also called 
rimae) are believed to be around 3.6 billion years 
old. They come in many guises but break down into 
three main types. 

Sinuous rilles look as if they've been carved by a 
meandering river. This isn’t actually far from the 
truth, except that the river would have been of lava, 
not water. It’s believed that the lava that once flowed 


NASA 


below the lunar surface created tubes. A meteoroid 
impact would have caused the tube, long evacuated 
of lava, to collapse. ae 

Arcuate rilles. appear as parts (arcs) of concentric 
circles within a lunar basin“They are thought to form 
when the lava filling the basin cools and contracts. 
The heavy plug of lava in the centre of the basin sinks 
slightly, causing these rilles to appear at the basin’s 
edge. Straight rilles, as theirname suggests, appear 
as almost linear ‘roads’ on the lunar surface. In most 
cases these are grabens: regions of the surface that have 
dropped between two parallel fault lines. 

Over the next few pages you'll find some of the best 
lunar rilles to be seen from Earth with a telescope. 
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Rima Ariadaeus 


Length: 300km 

Max width: 5km 

Best time to see: Six days 
after new Moon or five 
days after full Moon 

Min scope size: 4 inches 


Rima Ariadaeus is a straight 
rille that crosses 300km of 
the lunar surface between the 


Mare Tranquillitatis and the 
Mare Vaporum, with sides 
that are more or less parallel. 
The rille starts close to the 
edge of the western shore 
of the Mare Tranquillitatis, 
which is in the bottom right of 
the image above, just north of 
a small pair of craters, 12km- 
wide Ariadaeus and 8km- 


wide Ariadaeus A. It heads 
off from there in a westerly 
direction with a slight tilt 

to the north, passing to the 
south of the 94km-wide crater 
Julius Caesar before reaching 
a couple of small peaks. It 
appears to shift sideways 
before resuming its path. This 
shift — and there’s another 


near its western end — isa 
rare example of a strike-slip 
fault, where the crust shows 
horizontal, lateral movement. 

As it approaches the Mare 
Vaporum, Rima Ariadaeus 
appears to become more 
shallow. A tributary can be 
seen splitting off towards 
Rima Hyginus here. 


Rima Petavius 


Length: 60km 

Max width: 2km (main 

southwestern feature) 

Best time to see: Three days after 

new Moon or two days after full Moon 
Min scope size: 3 inches 


Petavius is a 182km-wide crater close to 
the Moon’s southeast limb. Its location 
means that this circular feature appears 
foreshortened into an ellipse from Earth. 
Located right at the heart of the crater 
is a huge mountain complex. Running 
from the southwestern rim towards this 
complex is Rima Petavius, a straight rille 
that resembles the minute hand ona 
giant clock face. As crater rilles go, this is 
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one of the larger ones, 
and it’s visible in a small 
scope under the right conditions. 
Although the ‘minute hand’ appears 
to be fairly straight, the rille doesn’t 
have the flat floor of a graben; its cross 
section is more V-shaped. A second rille 
seems to emanate from the mountain 
complex extending to the northern rim, 
but high-resolution images show that it 
is a continuation of the larger rille. 
There are also a number of smaller 
rilles to the northeast of the central 
mountains. A further curiosity is the 
unusual parallel grooved feature that 
curves to the south where the main rille 
meets the crater’s rim. 


Length: 230km (longest rille) 

Max width: 3km 

Best time to see: Three days after first quarter 
or two days after last quarter 

Min scope size: 4 inches 


The eastern edge of the Mare Humorum shows a 
number of concentric cracks known as the Rimae 
Hippalus. These arcuate rilles formed when the 
lava that filled the Humorum Basin cooled and 
shrank; the sheer weight of material at the centre of 
the basin caused the cracks to appear at the edge. 

The rilles get their name from the 60km-wide 
crater Hippalus, one side of which is submerged 
by the Humorum lava. The three main rilles — 
Hippalus I, Il and HI — are accompanied by 
several shallower and less obvious cracks. 

The main rilles head through the Rupes Kelvin, 
a mountainous region on the southeast shores of 
the Mare Humorum. The inner rille holds its own 
as it passes through, while the outer two converge. 


VALLEYS OF THE MOON 


Length: 220km 

Max width: 2km 

Best time to see: Six days after new Moon or five days after full Moon 
Min scope size: 6 inches 


The partly straight and partly sinuous Rima Hyginus is a fascinating feature 
close to Rima Ariadaeus. It starts just south of Ariadaeus, where it is quite 
shallow. From there it runs west-northwest to the 10km-wide crater Hyginus, 
where it bends further to the north, following a mostly straight path. 
High-magnification views through larger instruments show that this 
northern track is littered with small craterlets. One plausible explanation for 
this is that the ceilings of some underground lava tubes have collapsed, 
creating pits that are visible from the surface. The same thing has been seen 
in underground lava tubes on Earth. It’s very likely that the origin of crater 
Hyginus is volcanic rather than impact. If so, it is one of the largest non- 
impact craters on the Moon’s surface. — 


Length: 140km 

Max width: 10km 

Best time to see: Four days 
atter first quarter or three 
days after last quarter 

Min scope size: 4 inches 


section it twists and turns 
before resuming its track, 

this time in a southwesterly 
direction. The width of the 
valley varies along its track, 
the main part ranging between 
6km and 10km, but decreasing 


Vallis Schréteriis an impressive to just 500m as it terminates 


snake-like feature near to 
41km-wide crater Aristarchus, 
the brightest crater on the near 
side of the Moon. From Earth 
we see this sinuous rille 
meandering away from an 
adjacent crater, 36km- 

wide Hetrodotus. 

The valley heads north 
from Herodotus for about 
30km before veering off to 
the northwest for a further 
50km. At the end of this 


in the west. 

Near crater Herodotus is 
a wider feature informally 
known as the “‘Cobra’s Head’. 
It formed through the merger 
of the rille with a craterlet, 
and the rille itself extends for 
a short distance beyond it. 

There’s another extremely 
thin rille within the Cobra’s 
Head, a hard-to-spot feature 
that is estimated to be just 
200m wide. 
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Length: 180km 

Max width: 12km 

Best time to see: First quarter 
or six days after full Moon 
Min scope size: 2 inches 


The famous Vallis Alpes is 
near to the northeast shore of 
the huge Imbrium Basin. This 
straight rille is an example 
of a graben, where the lunar 
surface between two fault 
lines has fallen downwards. 
The valley runs in a straight 
line, southwest to northeast. 


At its southern extreme, the 
valley is pinched shut by 

two mountains, sometimes 
referred to as the ‘Guardians’. 
These actually do cut the 
valley off, so it doesn’t quite 


make it to the Mare Imbrium. 


Just to the north of the 
Guardians, the walls of the 
valley open out into an oval 
amphitheatre. After this they 
come together again before 
continuing along the straight 
main run. The southern 
wall runs fairly straight for 
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most of the valley’s length, 
but the northern one shows 
greater irregularity. Under 
certain lightning conditions 
it appears that there is a 
disturbance running at right 
angles that crosses the middle 
section of the valley. 

At 180km long and 12km 
across at its widest point, 
this is a major feature on 
the lunar landscape that is 
easy to see even with small 
instruments. The walls of 
the valley cast shadows onto 


the flat floor below — whether 
it’s the northern or southern 
wall that does this depends 
on the Moon’s phase. 
Examining the feature 
close up at high resolution 
reveals another sinuous rille 
running right down the 
main valley’s centre. This is 
approximately 100m deep 
and generally less than 1km 
across. For dedicated lunar 
observers, spotting or imaging 
this little rille is seen as a 
significant achievement. 


Rima 
Hadley 


Length: 80km 

Max width: 2km 

Best time to see: First quarter or 
six days after full Moon 

Min scope size: 8 inches 


Rima Hadley is best known because 
Apollo 15 landed just to the north 
of it, giving us exciting close-up 
views of the feature taken from the 
lunar surface. It requires a bit of 
perseverance to see from Earth, but 
it’s certainly worth the effort. You 
can resolve the rille in an 8-inch 
scope, though its narrow width 

of just 2km means that the seeing 
needs to be stable. 

Rima Hadley takes its name from 
the nearby Apennine mountain 
known as Mons Hadley, which is 
4,400m high. The rille resembles a 
sinuous, meandering river as it 
crosses a flat, lava-filled region within 
the Apennine Mountains: an 
extension of the unpleasant sounding 
Palus Putredinus, the Marsh of Decay. 


You can locate this region by drawing 
the shortest line possible between the 
southeastern rim of 85km-wide crater 
Archimedes and the mountains. 

The key to locating Rima Hadley is to 
find 6km-wide crater Hadley C. Once 
you find this crater, you'll be looking at 
the right part of the Moon — the rille 
snakes off to either side of it. It’s the 


VALLEYS OF THE MOON 


beautifully smooth curves of this 
300m-deep collapsed lava tube that 
makes it such a thrill to locate. 

A straighter section to the north 
marks the approximate location of 
the Apollo 15 lunar module. The 
rille continues on to a mountainous 
outcrop, passing around its base 
before coming to an end. 


Rima Gassendi 


Length: 80km (longest) 
Max width: Less than 2km 
Best time to see: Three days 
after first quarter or two 
days after last quarter 

Min scope size: 8 inches 


The 110km-wide crater 
Gassendi sits on the northern 
shore of the Mare Humorum. 
It’s a large circular crater 
with a central mountain 
complex of multiple peaks 
that tower to heights of 
1,200m. It appears as an 

oval from Earth due to 
foreshortening. 

Gassendi’s flat floor is 
covered in numerous rough 
spots, as well as arcuate cracks 
which are collectively known 
as the Rimae Gassendi. The 
cracks are fine and intersect 
in many places, forming a 


network that stretches 
right across Gassendi. 

The crater’s rim looks 
as if it has been breached 
by lava from the Mare 
Humorum to the south, 
flooding a crescent section 
of the crater floor. High- 
resolution shots from 
spacecraft show that the 
rim is actually intact, and 
that the lava that flowed 
into crater probably entered 
it beneath the rim. The 
contrast between the flat 
crescent section and the 
heavily cracked majority 
of Gassendi’s floor is 
certainly noticeable. 

The rilles are quite 
small, so you'll need at 
least an 8-inch scope and 
good seeing to stand a 
chance of spotting them. 


The exact mechanism for 
their formation isn’t fully 
understood, but is most 
likely to be connected to 
a general cracking that 


occurred when the molten 
lava floor cooled. A younger, 
6km-wide crater known as 
Gassendi A interrupts the 
main crater rim to the north. 


WWW.SKYATNIGHTMAGAZINE.COM 63 


ISTOCK X 2 


MOONWATCH 
w Northwest 


In this quadrant you'll tind some of 
the Moon's bestknown features — the 
glorious ray-crater Copernicus, dark 
tloored Plato, and the lunar Alps. 
Alongside them is a crater once 
thought to be tull of vegetation 
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Northwest 


MOONWATCH 


period of lunar history (one to 
three billion years ago), so that 
it is definitely older than 
Tycho and Copernicus, but 
younger than other large 
formations nearby, such as the 
craters Babbage, South and 
John Herschel. These have 
low, broken, discontinuous 
walls, and lack central 
structures. The 142km 
Babbage is actually attached 
to Pythagoras’s southeastern 
rim, and the age difference 
between the two formations 

is very evident. On the other 
side of Babbage lies the 
similar but more worn-down 
crater South, 108km across. 
Beyond South we come to 

the greyness of the irregular 
Mare Frigoris. 

It is difficult to observe the 
limb regions beyond crater 
Pythagoras because of the 
extreme foreshortening, but 
under the best libration it is 
possible to see two fairly large 
craters. Cremona, 85km in 
and there is a low rampart diameter with a longitude of 
round the exterior. Because 90.6°W and Boole, 63km in 
of its closeness to the diameter, at 87.4°W. There are 
limb, Pythagoras is badly plenty of small formations 
foreshortened. However, even _ around, and Pythagoras itself 
a small telescope will be has satellite craters, identified 
powerful enough to show on maps by letters; the largest 
ONE OF THE Moon’s major terraced, continuous walls the wall terracing and the are Pythagoras D (31km) and 


Crater Pythagoras 


Words: Patrick Moore 


Pythagoras is badly foreshortened 
and its floor detail is not easy to study, 
but it is still worth seeking out for 

its impressive central peak 


TYPE Crater 

SIZE 130km 

AGE Between one and three billion years 
LOCATION Latitude 63.5°N, longitude 62.8°W 
RECOMMENDED KIT 4-6 inch telescope 


craters, Pythagoras is named rising to 5km above the impressive central structure, Pythagoras H (18km). 
after the great Greek sunken floor. It is basically a double-peaked mountain Since Pythagoras is one of 
philosopher who lived from circular, but careful formation rising 1.5km. the last craters to be sunlit 


c570-495 BC. The 130km observation shows a The floor detail is not easy before full Moon, it is one of 
crater is larger than Tycho or somewhat hexagonal outline, to study from Earth, but we the last to darken before new 
Copernicus — and have excellent pictures © Moon. But all lunar observers 
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would be a fine sight 


if it were better WH E RE TO Fi N D IT 


placed. Unfortunately 
it lies near the limb, 
beyond the Mare 
Frigoris, so that from 
Earth it can never be 
seen to advantage. 
Look for it just before 
full Moon; under 
high illumination it is 
always traceable, 
even when there are 
virtually no shadows, 
but is not easy to find 
until shadows return. 
Pythagoras is 
well-formed, with 
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from spacecraft. The 
wall terracing is very 
evident, and in many 
respects Pythagoras 
seems to resemble 
Copernicus, though it 
is not the centre of ray 
formations. The 
interior is fairly flat, 
with many low hills 
and a few craterlets, but 
of course the floor is 
dominated by the huge 
central structure. 

Pythagoras seems to 
have been formed 
during what is termed 
the Eratosthenian 


know the problems of 
studying a thin crescent, quite 
apart from the need to wake 
up very early and open your 
observatory (or, if you have no 
permanent observatory, set up 
your portable telescope in a 
suitable position). But at least 
Pythagoras is available for the 
period from just before full 
Moon to the end of the 
lunation, and I urge you to go 
out and find it. Were it further 
away from the limb, it would 
not suffer by comparison 

with Theophilus or Tycho, 

or even Copernicus, the 
‘Monarch of the Moon’. 


Northwest 
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Sinus Roris 


Words: Patrick Moore 


Procellarum; it’s not easy to tell where the 
TYPE Bay Sinus Roris ends and the oceanus begins. 
SIZE 195km They are not separate formations. 

AGE Between one and three billion years The surface of the bay has no 
LOCATION Latitude 54°N, remarkable features, with one exception. 
longitude 56.6°W This is the formation known as Mons 
RECON RERIDEE Riimker, which at first glance appears to 
be a semi-ruined plateau about 48km 
across. However, closer inspection shows 


4-6 inch telescope 


THE SINUS RORIS, or Bay of Dew, is that this explanation is too simple. 
an overflow from the larger Oceanus Mons Riimker is in fact several lunar 
Procellarum, which itself begins some domes, very closely connected. They also 
way into the near side of the Moon. If lie on a slightly raised area. There is highland lying between it and the lunar 
both are considered together, they make nothing quite like this anywhere else on limb. On this highland there are several 
up the largest of the lunar ‘seas’. the Moon; I have searched carefully for large and deep formations, notably the 
The lunar limb in this region of the anything resembling it I have failed craters Lavoisier, Von Braun and Gerard. 
Moon’s face, which sits away from the completely. Certainly it is very These are difficult to study properly 
Oceanus Procellarum, is fairly bright. worthwhile studying all conditions of because they are so near the limb that 
The nearby, 23km-wide crater Harding illumination to see this feature. Luckily, it they are very badly foreshortened. Were 
has low walls, but is easy to identify is easy enough to find, as it lies on the they farther away from the limb they 
because there are no other conspicuous edge of the Sinus Roris. Its origin must be _ would be very conspicuous indeed. 
features near it. a matter for dispute. The floor of the Sinus Roris appears to 
The bay itself forms the outlet of the There is very little to be seen on the lack any ‘ghost rings’, or filled-in craters. 
Oceanus Procellarum into the Mare Sinus Roris itself, with only a few very However, at times of extreme libration it 
Frigoris. All in all, this mare is not small crater pits. The edge of the bay is is still worth looking at the craters that 
particularly remarkable and its surface quite well marked and there is a strip of are very near the limb. 


has the same general aspect as that of the 

oceanus; it is about the same hue, which Te) | Leena fl ee ae ee ere | 

indicates that it must be about the same tii wer on : 
age. Indeed it’s well worth 

comparing the 
colour of the bay 
to that of the 
Oceanus 


Sinus Roris 


Mons Rimker 


P Von Braun 


Lavoisier 


The Sinus Roris region is home to several 
craters and the unique Mons Rimker 
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Crater Plato 


Words: Patrick Moore 


TYPE Crater 
SIZE 109km 
AGE 3.8 billion years 


LOCATION Latitude 51.6°N, longitude 9.3°W 
RECOMMENDED KIT 6-inch telescope 


PLATO, LYING IN the Alpine 
region between the Mare 
Imbrium and the Mare 
Frigoris, is one of the most 
perfect of all the lunar craters. 
Since it lies less than 10° from 
the central meridian, it is well 
placed during each lunar 
cycle: it comes into view soon 
after a quarter Moon. It is 
almost perfectly circular, 
though foreshortening makes 
it appear decidedly elliptical. 
Its floor is iron-grey and rivals 
Grimaldi for being the darkest 
point on the Moon. When 
Grimaldi is also on view, it is 
interesting to compare them. 
Grimaldi is usually the darker 
of the two — but not always. 

In one of the earliest lunar 
maps — by Johannes Hevelius 


— Plato was called “The 
Greater Black Lake’, 
and it’s easy to see why 
the early Moon 
mappers thought that it 
must be filled with 
water. Plato’s dark floor and 
regular shape make it easy to 
identify in binoculars (it is 
often forgotten that 
binoculars can show an 
amazing amount of lunar 
detail). Look for it whenever it 
is sunlit, and you should be 
able to find it with no trouble. 
Plato, named after the 
great philosopher of ancient 
Greece, is thought to be 
about 3.8 billion years old, 
rather younger than the 
Mare Imbrium. A large 
‘ghost crater’ lies to the south, 
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between Plato and the 
prominent mountain Pico: 

to the west is the prominent 
19km crater formerly 

known as Plato A, but now 

(at my suggestion) officially 
renamed Bliss after the fourth 
Astronomer Royal. 

Plato’s rather low rampart 
includes several peaks at least 
2km high, which cast long 
shadows across the crater floor 
when the Sun is at a low angle. 
The floor itself has no trace of 
a central peak and there are 
no large craterlets, but there 


Plato is dark and easy 
to find, but its craterlets 
seem to come and go 


are various small 
craterlets which show 
puzzling changes in 
visibility. I have been 
observing Plato for 
over 60 years and find 
that some craterlets 
recorded as ‘obvious’ 
on some occasions 
are missed on others. 

I remember using 
the 33-inch refractor 
at the Meudon 
Observatory, Paris, 
under excellent 
conditions in 1952. 
All details on the 
Moon were sharp, but 
Plato’s floor was blank. Yet the 
next night, under similar 
conditions, several of the 
usual craterlets were seen. 

There have also been 
reports of occasional 
‘haziness’, and I and others 
have found that when Plato 
and Grimaldi are both in 
view, Plato occasionally looks 
the darker of the two. No 
doubt most of these apparent 
variations are due to the 
changing angle of 
illumination, but they 
certainly are intriguing. 

In 1954, the experienced 
observer FH Thornton, using 
an 18-inch reflector, recorded 
a distinct bright flash inside 
the crater. A meteorite impact 
was suggested, but there was 
no subsequent sign of 
anything new in that position. 
An explanation for the flash 
has yet to be found. 

Intriguing inconsistencies 
aside, Plato is, to my mind, 
one of the Moon’s most 
attractive showpieces. In the 
future, when lunar travel has 
become commonplace, it will 
no doubt become a tourist 
attraction. However, a visitor 
standing near the middle of 
the crater will have no feeling 
of being shut in: Plato is the 
shape of a very shallow saucer. 
The walls are certainly not 
steep and a centrally-placed 
observer will be unable to see 
them at all — they will be well 
below his horizon. 
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The Straight Range 


Words: Patrick Moore 


THIS EXTRAORDINARY LITTLE mountain 
range is unlike anything else on the Moon. The 
famous Victorian selenographer WR Birt named 
it the Straight Range because of its shape, and this 
name we use today, though official lists use the 
Latin form: Montes Recti. 

Whenever illuminated it is easy to find on 
the northern edge of the Mare Imbrium about 
halfway between crater Plato and Promontorium 
Laplace, and is therefore in view after first quarter 
for a considerable part of each lunation. It consists 
of a line of peaks arranged in a straight line — and 
it really is straight, so that it stands out. It is some 
distance inside the mare, and there are no other 
mountains anywhere near it. 

Though the range is about 90km long, it is 
nowhere more than about 20km wide. There are 
between 20 and 30 obvious individual peaks, the 
highest of which rise to no more than 1,800m. 
The brightest peak is at the western end. 

A very small telescope will show this unusual 
feature well, and one can almost appreciate why 
some of the early observers suggested that it 
might be an artificial structure! The mare area 
all round it is relatively smooth, with only one 
craterlet of any size between it and the coast; the 
conspicuous 20km impact crater Le Verrier lies 
well to the south. 

When I come across anything at all linear on 
the Moon’s surface, I tend to search for associated 
ghost rings. Thus the famous Straight Wall in the 
Mare Nubium (which is not a wall, it is a 110km 
fault in the mare) is obviously linked with an 
ancient ring that has been covered with lava. I 
once spent a long time looking for something 
significant to the Straight Range. I failed to find 
it. Eventually I came to the conclusion that it 
must be part of a very old ring whose walls — or 
the remnants of them — might be concentric 
with a larger structure defined by the rims of the 
Apennines and Caucasians. 

Subsequently, I found the same suggestion had 
been made, much earlier, by American planetary 


scientist Bill Hartmann. The history of this part of 


the Moon is not too easy to interpret, but we can 
be sure the major factor has been the catastrophic 
impact that produced the Mare Imbrium. 

Photography of this area is always worthwhile. 
The smoothness of the terrain north of the 


The isolated form of the 
Straight Range holds between 
20 and 30 isolated peaks 


Straight Range contrasts sharply with the 
roughness of the region between Imbrium 

and the northern Mare Frigoris; you can also 
capture Plato, the clumpy Teneriffe Mountains, 
GE Hence and and Promontorium Laplace at the edge of the 
285 bilionyears Sinus Iridum. At the next lunation prepare your 
LOCATION camera, wait until just after first quarter Moon, 
Latitude 48°N, and hope for a clear sky. 

longitude 20°W 
RECOMMENDED KIT 


A-inch telescope 


TYPE 
Mountain range 
SIZE 90km length, 


1.8km max altitude 


WHERE TO FIND IT 
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Bianchini 


4 
7. Aa 
wee , 


Sinus Iridum 


Promontorium 
Heraclides 


4 The Bay of Rainbows slopes down from the Mare Imbrium, ending 61m lower than the sea 


Promontorium 
Laplace ~ 


Mare Imbrium 


Helicon 


Sinus lridum 


Words: Patrick Moore 


TYPE Bay 

SIZE 236km 

AGE Unknown 

LOCATION Latitude 44°N, 
longitude 32°W 
RECOMMENDED KIT 


A- to 6-inch telescope 


ONE OF THE loveliest features of the 
Moon has to be the Sinus Iridum or Bay 
of Rainbows. It leads off the vast Mare 
Imbrium and was shown and named 

by the famous lunar observer Giovanni 
Riccioli in his map drawn in 1651. In 
those days, of course, it was generally 
believed that the dark areas really were 


seas, and that the Moon could well be a 
world suited to life. 

Sinus Iridum is called a bay, but 
it is really a crater whose seaward 
wall has been virtually destroyed; 
only a few very low, disconnected 
fragments can be traced. Elsewhere 
the mountainous ‘wall’ is continuous 
and fairly high, though the outermost 
edge is disturbed for a short distance 
by the prominent crater Bianchini. The 
continuous section is bounded by two 
capes, Promontorium Heraclides and 
Promontorium Laplace. 

The floor of Iridum slopes downward 
from the Mare Imbrium, so that at the 
far side it is about 61m lower than the 
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level of the mare. There is nothing 
quite like this anywhere else on the 
Moon, but the sequence of events 
seems to be fairly straightforward. 
The mare itself was formed during 
the lunar epoch named after it — the 
Imbrium — which ended over three 
billion years ago, so it post-dates the 
Great Bombardment. The Iridum 
impact followed before the great 
lava floods, which accounts for the 
inundation of the seaward wall. 

I have said that Sinus Iridum is one 
of the loveliest features of the Moon. So 
it is, provided you catch it at the right 
moment. As the Sun rises over it, the 
mountainous border is illuminated 
first, and the tops of the peaks catch the 
sunlight while the floor below is still in 
darkness. The result is that the wall seems 
to stand out beyond the terminator, 
giving the impression that it is completely 
detached from the main body of the 
Moon. Lunar observers refer to this 
as the ‘Jewelled Handle’. 

This occurs once in every lunar cycle, 
well before full Moon, but it does not 
last for long, and as the sunshine creeps 
on to the lower lying floor the ‘handle’ 
effect vanishes. It is fascinating to 
follow the changes as the Sun’s altitude 
increases; even a small telescope will 
show them well. The floor itself is very 
smooth, and there is only one reasonably 
well-marked craterlet, E. 

Sinus Iridum can always be identified 
whenever it is sunlit; note the two well- 
marked craters Helicon (25km wide) 
and Le Verrier (20km wide) on the Mare 
Imbrium to the north. Except at the 
time of sunrise, the area seems ordinary 
enough — but at the coming lunation, 
make sure that you do not forget to watch 
for the glory of the Jewelled Handle. 


WHERE TO FIND IT 
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Crater Archimedes 


Words: Patrick Moore 


CRATER ARCHIMEDES IS the largest formation 
on the Mare Imbrium. It comes into view soon 
after first quarter, and is easy to identify whenever 
it is sunlit. It is clearly shown on the map drawn by 
Thomas Harriot in 1609, well before Galileo made 
his first telescopic observations. It is the senior of 
a trio of prominent formations in this part of the 
mare; the other two are Aristillus and Autolycus. 
You cannot possibly fail to be impressed by them. 

Archimedes was named by Giovanni Riccioli 
in 1651, after the great Greek scientist who lived 
from about 287 to 212 BC. The crater — ‘walled 
plain’ would be a better description — belongs 
to what is known as the Imbrian period, which 
extended from 3.1 to 3.85 billion years ago, and 
it is of course an impact structure. The walls are 
continuous, rising to only a modest height above 
the outer terrain, but just over 2km above the 
sunken floor. The floor itself was flooded with 
ancient lava, and is devoid of any prominent 
features. Like Plato, in the Alps at the edge of the 
mare, it shows no trace of any central peak, but 
unlike Plato its floor is light-coloured, not dark 
grey. The walls are terraced, and its shape is almost 
perfectly circular, though as seen from Earth it is 
foreshortened into an ellipse. 

When I first saw a photograph of it taken from 
an orbiting spacecraft, I was impressed by its 
regularity. Using the Lowell refractor at Flagstaff 
in Arizona, I have made careful searches for 
interior detail, but have never been able to make 
out more than light streaks and a few tiny, shallow 
pits. This must be one of the smoothest areas 
anywhere on the Moon. The other members of 
the trio are smaller, and Aristillus has a wonderful 
triple-peaked central structure. 

North of Archimedes, beyond the well-marked 
Spitzbergen Mountains, the mare is smooth. 
Between Archimedes and Autolycus the area has 
become known as the Sinus Lunicus, and contains 
two distinct craterlets: C has a diameter of 8km 
and D with a diameter of 5km. On 14 September 
1959 the Soviet spacecraft Luna 2 came down 
here. We’re not sure about its precise impact point, 
because it crash-landed and sent back no signal 
after arrival, but it was a notable achievement and 
the Russians can certainly claim to have been ‘first 
on the Moon’. Perhaps the wreckage will be found 
one day. More than a decade later, on 30 July 1971, 
the Apollo 15 astronauts landed in the foothills of 
the Apennines, 200km southeast of Archimedes. 

Just southeast of Archimedes in the Palus 
Putredinis (the Marsh of Decay) lies the 11km 
satellite crater Spurr, which is almost submerged; 
only its southern half protrudes significantly, 
though the northern half is traceable. It was 


TYPE Crater 

SIZE 83km 

AGE Between 3.1 and 
3.85 billion years 
LOCATION 

Latitude 29.7°N, 
longitude 4°W 
RECOMMENDED KIT 


4- to 6-inch telescope 


v Besides a few pits, 
the floor of Archimedes 
is amazingly smooth; 
turn the page for a 
zoomed out view 


Mare 
Imbrium 


WHERE TO FIND IT 


known as Archimedes K before being renamed 

in honour of Josiah Edward Spurr (1870-1950), 

an American geologist who wrote a classic 

book in support of the theory that the lunar 

craters are volcanic. I was a strong advocate of 

this theory until the evidence against it became 

overwhelming! Bancroft, formerly Archimedes A, 

is a bowl-shaped, 13km crater to the southwest. 
This whole area is one of the most photogenic 

on the Moon. Take an image including the 

Archimedes trio together with the southern end 

of the Apennines, and I guarantee that you will be 

pleased with the result. 


Archimedes 


' 
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Palus 
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Palus Putredinus 


Words: Pete Lawrence 


TYPE Marsh 

SIZE 160x70km 

AGE Between 3.2 and 3.9 billion years 
LOCATION Latitude 27.0°N, 

longitude 0.0°E 

RECOMMENDED KIT 4-inch telescope 


DESPITE WATER BEING scarce on the 
Moon, there are plenty of features with 
names that imply otherwise: the lunar 
maria, or seas, are the most obvious. 
Then there are the smaller ‘water’ 
features prefixed with terms such as sinus 
(bay), lacus (lake) and palus (marsh). 
There are three lunar marshes visible 
from Earth. They mark irregular regions 
of enclosed lava found at the edge of the 
major seas. Despite its name, the Palus 
Putredinus — which means Marsh of 
Decay — and its surrounding area is a 
fascinating region. It sits adjacent to the 
Appenine mountain range boundary on 
the southeast edge of the huge Imbrium 


Archimedes 


Palus Putredinus 


Basin. The best way to locate it is to first 
identify 85km-wide Archimedes, the 
largest crater on the floor of the Mare 
Imbrium. Draw a line from Archimedes 
to the nearest part of the curving 
Appenine range, off to the southeast. The 
marsh appears along this line as a dark 
region of lava, roughly rectangular in 
shape. Its width is slightly less than 
Archimedes’s diameter. 

The Palus Putredinus is a flat area of 
lava covered in tiny craterlets, with a 
volcanic dome called Putredinus 1 in its 
southern corner. With a diameter of 7km, 
and estimated to be 90m high, you'll need 
a 12-inch telescope to spot it; the best 
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4 The Palus Putredinus is home to subtle features as well as a signpost to more familiar ones 
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time to try is when the terminator is 
nearby and the lighting oblique. 

The southeast ‘edge’ of the marsh is 
interesting, as a broken line of mountains 
creates an annexed region of lava. Within 
the narrow, 18km by 60km annex is a 
6km crater called Hadley C, which can be 
seen with a 4-inch telescope. An 8-inch 
scope will reveal a rille known as Rima 
Hadley winding its way past the crater. 
Towering above the rille to the east is 
Mons Hadley, a 4.6km-high member of 
the Appenine range. 

There are various straight rilles 
heading out of the southwestern edge of 
the Palus Putredinus, leading to an area 
unofficially referred to as the Appenine 
Bench Formation. This region is rich in 
KREEP: this is an acronym for potassium 
(chemical symbol K), rare Earth elements 
(REE) and phosphorous (P). A rarity on 
the Moon, KREEP is believed to have 
been raised from deep below the Mare 
Imbrium, possibly by volcanic processes. 

A similar region sits above the eastern 
corner of the Palus Putredinus. This is 
fascinating to study with a 8-inch or 
larger scope because of Rimae Fresnel, a 
set of graben that cross it. A graben is a 
linear region of land which has dropped 
between fault cracks in the surface. 
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Schroter’s Valley 


Herodotus 


Aristarchus 


4 Aristarchus is one of the Moon’s youngest craters, with an estimated age of 450 million years 


Crater Aristarchus 


Words: Patrick Moore 


TYPE Crater 
SIZE 40km 
AGE 450 million years 


LOCATION Latitude 23.7°N, longitude 47.4°W 
RECOMMENDED KIT 4-inch telescope 


ARISTARCHUS IS BY 
far the brightest crater on 
the entire Moon and can 
always be seen whenever it 
is in sunlight. It also shows 
up when the Moon is lit 
by earthshine, and many 
astronomers have mistaken 
it for a volcano in eruption; 
even Sir William Herschel 
fell into this trap. It lies in the 
Oceanus Procellarum but is 
not isolated by any means; 
Aristarchus lies close to 
Herodotus, a crater of much 
the same size but without 
Aristarchus’s brightness. 
Why is Aristarchus so 
bright? Simply because it is 


very young, formed 
at a late stage in the 
Moon’s evolution. 

It is thus one of the 
very youngest craters 
on the entire lunar 
surface. It is well 
formed, with high 
terraced walls and a 
central peak. Its age is 
believed to be about 
450 million years, 
which is very young 
by lunar standards. 

Its position on the 
disc means that it can 
be seen for a good part 
of every lunation, and 
it is fascinating to draw 


or photograph it from night to 
night and note the apparent 
alterations due to changes in 
solar illumination. The 
adjacent crater Herodotus is 
also well formed, but there is 
no marked central peak. Also 


WHERE TO FIND IT 


in this area is the longest 
sinuous valley on the Moon, 
named in honour of the 
German astronomer Johann 
Schréter, which in a way is 
misleading because the crater 
named after Schroter is a long 
way away in an entirely 
different part of the Moon. 
Aristarchus (c310-230 BC) 
himself, the Greek astronomer 
from Samos, was the first to 
maintain that the Earth 
revolved around the Sun and 
rotates on its axis, while 
Herodotus (c485-425 BC) 
was a Greek historian. 

Schroter’s Valley begins 
25km north of Herodotus 
and gives the impression of 
a dry river bed. Starting at 
a crater 6km in diameter, 
the valley widens to almost 
10km, forming a shape some 
observers have nicknamed 
‘The Cobra’s Head’. From 
this it gradually narrows 
to a width of 55m, finally 
terminating in a 1km-high 
bank on the edge of an 
uplifted area. Under good 
seeing conditions a powerful 
telescope will show a delicate 
rill on the floor of the valley. 
The total length of the valley 
is 160km with a maximum 
depth of 1km. Nothing else 
quite like it can be seen on 
the Moon. 

A number of transient 
lunar phenomena (TLP) 
have been seen on or near 
Aristarchus, and 
it is well worth 
keeping a watch for 
them. Phenomena 
reported in the crater 
include periodical 
obscurations and 
cloud-like features, 
which do not persist 
for long. These 
have never been 
photographed, and 
their existence has 
never been definitely 
proved. However, 
looking back at lists 
of reported TLP, 
Aristarchus heads the 
list by a very long way. 
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Words: Patrick Moore 


Vallis Alpes Mare 


. mt Sv AY Serenitatis 
pens 


Montes Alpes 


Sinus Iridum 


floored Mare Vaporum. The scene is 
particularly striking around first quarter, 
when the peaks cast their long, sharp 
shadows across the plain. The highest 
Archimedes } 4 peak in the Apennines, Mons Huygens, 
2 rises to about 6.1km. 
a ; ) Hans To the north, the Mare Imbrium 
‘. ves is bounded by the Montes Alpes, which 
‘ Montes Apenninus se 8) do not join up with the Apennines; 
, , ‘ : there is a gap between the two ranges, 
* : Mons Huygens ( so that Imbrium’s floor is connected 
: A with that of the adjacent Mare Serenitatis 
4 4 —there is a difference in level and also in 
; ” Mare age. The lunar Alps are by no means the 
“N Vaporum equal of the Apennines, but they have 
rc) ‘®) . special interest because they contain 
fie ioe is ; features not found elsewhere on the 
Eratosthenes aly - Moon. Of particular note is the huge 
; Vallis Alpes, a colossal gash through 
( the mountains. 
AB RY ai ve Si Last, but by no means least, is the Sinus 
NAS ; w ; Iridum, or Bay of Rainbows. It must once 
4 The spectacular peaks of the Montes Apenninus are one of the Moon’s must-see sights have been a major crater at the edge of 
the mare but the seaward wall has been 
the later revision by Giovanni Riccioli. flooded and is now barely traceable, so we 
It forms the southeastern border of the are left with a large bay. You can watch 
Mare Imbrium, the largest and most it as the Sun rises over it. Obviously, 
prominent of the regular maria, and is the Sun’s rays first catch the peaks on 
dominant for much of each lunation. the far side, while the bay itself is left in 
The Apennines do not form a darkness. This is generally known as the 
continuous border all round the Mare ‘Jewelled Handle’ and, of course, occurs 
Imbrium, but probably once did, and once in every lunation. 
what we call the ‘Imbrium Basir is The mare does not contain many 
THE LUNAR APENNINES (Montes everywhere traceable; the colossal large craters, apart from the main 
Apenninus) may not be the very highest impact that produced it had profound three, of which the largest is the 80km 
mountains on the Moon, but they are effects all over the Moon. From close to Archimedes. There can be no better 
certainly the most spectacular. The Eratosthenes, one of the most splendid known feature on the whole of the Moon 
range was named by Johannes Hevelius and best-preserved of all craters, it than the Mare Imbrium. One can picture 
after our own Apennines — one of the runs along the Mare Imbrium’s edge the scene when the huge meteoroid 
few of Hevelius’s names to have survived __ separating it from the smaller, darker- crashed down so long ago! 


Mare Imbrium \ 


a 


TYPE Mountain range 
SIZE 600km long 
AGE Between 3.2 and 3.85 billion years 
LOCATION Latitude 18.9°N, 

longitude 3.7°W 

RECOMMENDED KIT 


4- to 6-inch telescope 
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Montes Carpatus 


Words: Pete Lawrence 


THE GIANT IMBRIUM Basin dominates the 
northwest quadrant of the Moon’s Earth-facing 
side. It measures around 1,000km in diameter, 
with edges marked by dramatic features. The 
Montes Carpatus is one of these, a mountain range 
that lies on the southern shore of the Mare 
Imbrium just northwest of ray-crater Copernicus. 

Copernicus is little more than 100km south 
of the eastern end of the range, so close that 
the Montes Carpatus sits well inside the ejecta 
material flung out when the crater was created. 
During fuller phases, it can make the mountains 
harder to see. 

Through a low-power eyepiece, the mare’s east 
and southeast borders are clearly defined by the 
Apennines, which peter out just north of 60km- 
wide crater Eratosthenes. A few small peaks litter 
the region northwest of the crater, before giving 
way to smooth lava. The smoothness continues 
west for about 90km, interrupted by little more 
than a few chains of craterlets before reaching the 
foothills of Montes Carpatus. 

The mountains are well defined but heavily 
interrupted by Imbrium lava. Where this has 
flowed into gaps between the peaks, it frames the 
mountains within perfectly. At the eastern end of 
the range, the first major peaks lie to the north of 
the younger crater Gay-Lussac (27km wide). The 
crater has a level floor and appears to have been 
stamped into the older mountain range below. 
Gay-Lussac A (14km) is a little south. 

The range really starts to get going as it 
moves west. Large peaks tower over Imbrium’s 
flat lava floor to the north, appearing chiselled 
into sharp points. To the south, the terrain is 
more chaotic, due to debris from younger 
Copernicus. The thickest and most rugged part 
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TYPE Mountain range 
SIZE 300km long, 
100km wide 

AGE Between 3.2 
and 3.9 billion years 
LOCATION 

Latitude 14.6°N, 
longitude 23.7°W 
RECOMMENDED KIT 


4-inch telescope 


Vv The Montes Carpatus 
sit on the southern 
shore of the Mare 
Imbrium, close to bright 
ray-crater Copernicus 


*, 


of the Montes Carpatus lies to the west, just 
before the range comes to an end close to the 
crater T Mayer (34km). 

As with any lunar mountain range, the best 
views are to be had when the Sun is low in the 
lunar sky and the terminator nearby. At such times 
the range’s lofty peaks — rising to about 2.4km 
above the floor of the Imbrium Basin — cast 
dramatic shadows. T Mayer, T Mayer A (16km) 
and T Mayer P (35km) are obvious at such times. 
Despite a broken rim and lava flooded floor, P 
comes alive when the Sun lights it obliquely from 
the east or west. It sits south of T Mayer. 

Located 125km south of P is small yet well 
defined crater Milichius (13km). Look 60km 
southwest of if and you'll find Milichius A (9km). 
When the lighting is right for the Montes 
Carpatus, it can also be a good time to look for a 
number of volcanic domes in this region. 
Milichius Pi is slightly northwest of the midpoint 
between Milichius and Milichius A, while just 
north of crater Hortensius (15km) is the 
Hortensius Omega dome field, containing no 
fewer than six domes. 
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Crater Eratosthenes 


Words: Patrick Moore 


TYPE Crater 

SIZE 58km 

AGE 3.2 billion years 

LOCATION Latitude 14.5°N, 
longitude 11.3°W 

RECOMMENDED KIT 4-inch telescope 


ERATOSTHENES IS ONE of the most 
perfect craters on the Moon. It is 
circular and extremely deep, with 
bright terraced walls. It is named after 
the Greek astronomer Eratosthenes of 
Cyrene (c. 276-195 BC), who carried 
out important mathematical work but 
is best remembered as having made a 
remarkably accurate measurement of 
the circumference of the Earth. 

Crater Eratosthenes lies at the southern 
end of the Apennines, the most 
conspicuous mountain range on the 
Moon, with the Mare Imbrium to the 


north and the Sinus Aestuum to the south. 


The shape of the outer rim is almost 
perfectly circular and beautifully terraced, 


Eratosthenes with ifs imposing 
central peaks. Sadly, it isn’t 
home to a colony of seals 


and there is an outer rampart of ejecta. 
The central mountain group is complex. 

When seen anywhere near the 
terminator Eratosthenes is a magnificent 
sight, but it is surprisingly elusive at full 
Moon because it is swamped by rays from 
the relatively nearby Copernicus, and has 
no ray system of its own. By lunar 
standards it is young, and its formation 
3.2 billion years ago marks the beginning 
of the Eratosthenian era. 

There are no well-marked craters on its 
floor, but there are darkish patches easy to 
see even with a small telescope. Between 
1919 and 1924 these patches were studied 
by American astronomer William Henry 
Pickering, who drew some unexpected 
conclusions. He believed that tracts of low- 
type vegetation existed, but found that the 
patches in Eratosthenes moved around: 
“While this suggestion of a round of lunar 
life may sound fanciful... it is based on the 
analogy of the migration of the fur- 
bearing seals of the Pribiloff Islands. The 
distance involved is about 20 miles, and is 
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completed in 12 days. This involves an 
average speed of about six feet a minute 
which... implies small animals.” 

It seems strange now to realise that less 
than a century ago, one of America’s most 
famous astronomers could write this! Yet 
the patches in Eratosthenes do seem to 
change with the angle of illumination. 
Follow them through a complete lunar 
cycle, and you will see what I mean. 

Perhaps Eratosthenes is at its very best at 
the time of sunrise, when the Apennines 
have come into view. Then Eratosthenes 
makes its entry, slowly and majestically; at 
first there is nothing inside but the tip of 
the central mountain complex, but the 
shadows creep back until the whole of the 
floor is sunlit. Not until later will the full 
glory of Eratosthenes be dimmed by the 
brightening of the rays from Copernicus, a 
younger crater formed perhaps a billion 
years ago — the end of the Eratosthenian 
era and the start of the Copernican. 

The area surrounding Eratosthenes is 
smooth, with only a few small craters, but 
there is one notable feature. Southwest of 
Eratosthenes, east of Copernicus, lies 
Stadius, one of the Moon’s most celebrated 
‘ghosts’. It is about the same size as 
Eratosthenes, and must have once been a 
most imposing crater, but it has been so 
flooded with lava that its outline is now 
barely traceable, and only a few hills rise 
above the mare surface. 

Under reasonably high illumination it is 
interesting to compare Eratosthenes with 
Copernicus. Copernicus is the larger of 
the two, and has a ray system, but 
otherwise they are remarkably alike. 


WHERE TO FIND IT 


Northwest 


MOONWATCH 


< ‘Monarch 
of the Moon’ 
Copernicus is 
a lovely crater 
to observe 
with its many 
central peaks 


Crater Copernicus 


Words: Patrick Moore 


TYPE Crater 
SIZE 90km 


AGE less than a billion years 
LOCATION Latitude 9.7°N, longitude 20°W 
RECOMMENDED KIT 4-inch telescope 


ONE OF THE most important 
and striking craters on the 
Moon, Copernicus is found 
in the Oceanus Procellarum, 
slightly northwest of centre. It 
is easy to identify whenever it 
is sunlit, and it is at the heart 
of one of the two main ray- 
centres. Crater Tycho, in the 
southern uplands, is the other. 
Under high lighting, the Tycho 
and Copernicus rays are so 
dominant that they make other 
features difficult to locate. 
Crater Copernicus is named 
after the great Polish scholar 
who showed that the Earth 
moves round the Sun, rather 
than being the centre of the 
Universe — but there is a story 
here, not without its amusing 
side. The main craters were 


named in 1651 by the Jesuit 
astronomer Giovanni Riccioli, 
who drew the first really 
useful telescopic map of the 
Moon. Not unnaturally he 
named prominent features 
after himself and his pupil 
Grimaldi, but he was no 
supporter of Copernicus, and 
continued to believe the old 
Ptolemaic geocentric theory 
of a stationary, motionless 
Earth. To show his contempt, 
he “flung Copernicus into the 
Ocean of Storms”. His plan 
misfired; the crater he chose 
is magnificent, and is often 
referred to as ‘the Monarch of 
the Moon’. 

Because Copernicus is not 
far from the centre of the 
lunar disc it is not appreciably 


foreshortened, and is on 
view for a good part of every 
lunation. It is 90km in 
diameter with high, beautifully 
terraced walls. There is no 
single central mountain, 
but there are several peaks 
and groups of hills near the 
middle of the floor, which 
is otherwise fairly level and 
has not been flooded with 
lava. It is fascinating to watch 
the progress of sunrise or 
sunset over the crater and the 
surrounding area; the whole 
scene changes dramatically 
over a short period of time. 
The rays extend for at least 
805km, and overlap rays from 
other craters, notably Kepler, 
so they must be younger. 
Copernicus post-dates the Late 
Heavy Bombardment, and 
may well be less than a billion 
years old. The rays differ from 
those of Tycho, because its rays 
are long, linear and regularly 
arranged, while those from 
Copernicus are less regular 
and give the impression of 


being tangential to the crater. 
There are small secondary 
craters, and the area is hilly. 

Copernicus is bright 
because, on the lunar 
timescale, it is so young; it 
has not been darkened by the 
effects of the solar wind or 
micrometeorite bombardment. 
The rays are surface deposits, 
and do not show up until the 
Sun is well above their horizon. 

Well to the northeast of 
Copernicus, not far from the 
end of the Apennines, lies 
the 58km diameter crater 
Eratosthenes, which is very 
like a slightly smaller edition 
of Copernicus, apart from the 
fact that it has no comparable 
ray system. Southwest of 
Eratosthenes we find crater 
Stadius, which must have once 
been a grand formation, but 
has been so overwhelmed by 
lava that it has been reduced 
to the status of a ghost. The 
walls are traceable under 
suitable lighting conditions, 
but nowhere rise to more than 
a few tens of feet. 

In 1966, when mapping the 
Moon from spacecraft had 
only just begun, an oblique 
view of Copernicus was shown 
in an image from NASA’s 
Lunar Orbiter 2. It was widely 
acclaimed, and became known 
as ‘the Picture of the Century’. 
It is still well worth looking at, 
and it is easy to see why this 
crater deserves its nickname 
—the Monarch of the Moon. 
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Track down these enigmatic features 
on the lunar surface for a glimpse 
of the Moon’s past. volcanism 


WORDS: PETE LAWRENCE 


ext time you train your 
scope on the Moon, see if 
you can spota lunar dome. 
These shield volcanoes, 
about 2-25km in diameter, are just a 
few hundred metres high. Seeing them 
can be a bit of a challenge: the lighting 
needs to be just right and from the side 
to pick out their subtle bulges. 
The lunar domes are believed to 
have formed during the later stages of 


the Moon’s volcanism. Lava welling 

up from fissufes in the lunar seag 
smoothed over many of these cracks. 
As the lava cooled, decreased flow rates 
and lava crystallisation caused inaterial 
to build up around flowing vents. The 
result is the domes we see today, with 
pits at the top that represent the now 
inert vents. Read on to see some of the 
finest lunar domes and discover top 
tips on how to image them. 
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Craters may be easier to‘spot 
but lunar domes are just as 
interesting to observe 


f , 


@ Hortensius dome field > 


Size: 6-10km 
Best time to see: Three days after first quarter or two days after last quarter 
Min scope size: 4 inches 


The Hortensius dome field contains six great targets. It is located just south of the 
mid-point of a line joining the 90km-wide crater Copernicus and 32km-wide 
crater Kepler. Copernicus forms a right-angled triangle with 15km-wide crater 
Hortensius and 49km-wide crater Reinhold, which is southwest of Copernicus. 
Reinhold marks the right angle. 

Crater Hortensius isn’t too difficult to identify and is the key to locating the domes 
that lie immediately to its north. The Hortensius domes are subtle and require oblique 
lighting to be seen properly. They are arranged in three pairs with Hortensius Omega, 
located immediately north of crater Hortensius, being the easiest to spot. Four of the 
domes have a single central vent pit, one has two and the last has none. These pits are 
small, measuring around 1-1.5km across. You will need a 10-inch scope, good conditions 
and a magnification of 200x or more to see them. 
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Hortensius dome field 


HORTENSIUS 


REINHOLD 


<|@ Milichius Pi 


Size: 10km 
Best time to see: Three days after first quarter or two days after last quarter 
Min scope size: 4 inches 


From crater Hortensius, head north through the Hortensius dome field and you will 
arrive at a mountain complex. Slowly move up the western edge of the complex to 
locate the 14km-wide crater Milichius. Immediately to the west of the crater is an 
impressive 10km-wide dome known as Milichius Pi. 

At around 230m in height this feature is, like most domes, quite subtle in 
appearance but thanks to the relatively barren surrounding region it does stand out 
well under oblique illumination. You may be able to spot the dome’s 1km-diameter 
central pit through a 10-inch or larger scope under good conditions. There is no 
official naming convention for lunar domes. The Greek letter designation that is used 
for many, including Milichius Pi, was dropped by the International Astronomical 
Union with no alternative system being offered in its place. 
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EXPLORE THE LUNAR DOMES 
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RIMA MARIUS 
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DOME LOCATOR 


<|® The Marius Hills 


Size: Region approximately 170km by 170km, 
typical dome size 5-15km 

Best time to see: Five days after first quarter or 
four days after last quarter 

Min scope size: 4 inches 


Marius Hills ) The Marius Hills are an extensive set of lunar ‘bumps’ 
close to the 43km-diameter crater Marius in the Oceanus 
Procellarum (Ocean of Storms). It has the highest density 
of volcanic features of any single region on the Moon. 
Like all domes, these 200-500m features are best seen 
at low illumination and show up well in contrast to the 
smooth surrounding surface of the Ocenaus Procellarum. 
The northern end of the bright albedo feature known as 
Reiner Gamma passes through the Marius Hills. 


VO Cauchy domes 


Size: 12km 
Best time to see: Five days after new Moon or four after full 
Min scope size: 4 inches 


Size: 20-24km ___ Arago Beta 
cee Slronide crater Best time to see: Five days i 
CAUCHY ee located ince after new Moon or four days 
coats after full Moon 


eastern region of the 


Arago Alpha 4”, 
Mare Tranquillitatis 


Min scope size: 2 inches 


(Sea of Tranquility) 
ayngl 4s crvarornadedl The 27km-wide crater Arago is 
by fascinating lunar located in the western part of the Mare 


Tranquillitatis. Despite its diminutive size the crater is 
each edhe northofthe full of detail, including a terraced rim and a ridge-like 
crater and an impressive central mountain reaching out to the rim. 

120km-long fault line, There are two large domes close by. Arago Alpha is 
24km across and reaches a height of around 300m. It 

is easy to see if the lighting is oblique, which will also 
emphasise the fact that the dome is lumpy rather than 
being typically smooth. Arago Beta lies to the west 

of Arago and, at 20km across, has a similar lumpy 
appearance to Alpha. 


geology. There’s a rille, or 


known as Rupes Cauchy, 
to the south. The region 
also contains a number of subtle domes that become much 
easier to see at lunar sunrise or sunset. The two most prominent 
of these domes are Tau and Omega, which lie to the south and 
southwest. Omega has a well-defined 1km central pit, which 
may be visible in larger instruments. 
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<]©O Mons Riimker 


Size: 70km 

Best time to see: Five days after first quarter or four days 
after last quarter 

Min scope size: 4 inches 


Mons Riimker resembles a giant raspberry poking through 
the northwestern part of the Oceanus Procellarum. It is a 
circular mound, 70km in diameter and 900m high, but it 
looks elliptical due to foreshortening. It is covered in 
approximately 30 lunar domes, extending the formation’s 
overall height to 1,100m. 

This mega-dome complex is unique on the Moon and, 
taken as a whole, represents the largest dome-related 
feature on the lunar surface. High-resolution images of 
the region reveal a number of tiny vent pits visible on the 
tops of some of the domes. 


@ Capuanus domes 


Size: 6-10km 

Best time to see: Three days after first quarter or two 
days after last quarter 

Min scope size: 4 inches 


Capuanus is a 61km-wide crater on the southern shore of 
the Palus Epidemiarum (Marsh of Epidemics). For dome 
hunters the crater is a godsend because the three main 
domes associated with Capuanus are all located within 
its rim. This should make them easy to locate, but there’s 
a trade off because the best time to spot them is at low 
illumination, when the shadow cast by the crater walls 
can obscure the domes. If you try to see them when the Kies Pi 
crater rim shadows are at their shortest, the high angle of 
incoming light means the domes all but disappear from 
view. There are six domes here in total; the other three 
are less easy to spot. They range in size from 6-10km. 


A® Kies Pi 


Size: 10km 

Best time to see: Two days after first quarter or one day after 
last quarter 

Min scope size: 4 inches 


The 46km-wide crater Kies lies in the western portion of the 
Mare Nubium (Sea of Clouds). The crater itself is relatively easy 
to identify, as it looks like a vanity mirror complete with handle. 

To the west of Kies lie two distinctive 49km-diameter craters: 
Campanus and Mercator. An impressive dome known as Kies Pi 
lies about a third of the way along a line joining the centres of 
Kies and Campanus. 

This is a classic lunar dome, approximately 10km in diameter 
and rising to an estimated height of around 150m. This isn’t 
very high compared to its diameter so, like many of these 
features, you're looking for a subtle swelling of the lunar surface. 
The dome is virtually invisible under high illumination, but 
stands out well when close to the terminator. A small 2km crater 
pit sits centrally in the dome. 


PETE LAWRENCE X 4, NASA/GSFC/ARIZONA STATE UNIVERSITY 
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EXPLORE THE LUNAR DOMES 


@ Lansberg D domes 


Size: 15km 
Best time to see: Two days after first quarter or one day 
after last quarter 

Min scope size: 4 inches 


Draw a line from Copernicus, through Reinhold to the 
southwest, and you'll eventually arrive at 41km-wide 
crater Lansberg. Keep the line going and you'll arrive 
at the flooded, 20km crater Lansberg C. A short hop 
of 65km southwest then brings you to a bright, 10km 
crater known as Lansberg D. Under low illumination it 
is possible to see two large broad overlapping domes 
approximately 25km to the southeast of Lansberg D. 
Numerous wrinkle ridges, formed from raised 
buckled lava, can also be seen nearby under oblique 
illumination and these really add drama to the scene. 
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SM ee . f SINUS IRIDUM 


(0) Mons Gruithuisen Gamma 


; Size: 20km 
> Best time to see: Three days after first quarter or two days after last quarter 
Min scope size: 2 inches 


The easily identified Sinus Iridum (Bay of Rainbows) is the key to locating these 
domes. The bright highland region south of the bay terminates in two distinctive 
> mounds called Mons Gruithuisen Gamma and Delta. A third mound, known as 
: Zeta, can also be seen south of the other two. 
GRUITHUISEN Gamma, the western and most prominent mound, is 20km across and rises 
to a height of 900m. Its appearance has earned it the rather unflattering but apt 
) nickname of the 'upturned bathtub’. It appears foreshortened and somewhat 
f rectilinear with rounded corners. On its top, there’s a 2km craterlet. The 17km- 
wide crater Gruithuisen lies 110km to the south of Mons Gruithuisen Gamma. 
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The southwest quadrant is where 
youll tind the Moon's most 
conspicuous crater, a straight wall 
that is neither straight nor a wall, 
and a brace of Greek philosophers 


» Southwest 


MOONWAGs 
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Crater 


Grimaldi 


Words: Patrick Moore 


ONE OF THE MOST easily 
identified Moon formations, 
Grimaldi lies not far from the 
western limb, comes into view 
just before full phase, and is 
one of the last features to be 
lost before new Moon. The 
main floor is so dark that it is 
unmistakable whenever it is 
sunlit and is generally said to 
be the darkest patch on the 
entire Moon. 

It was shown on all the 
early Moon maps, including 
that of Thomas Harriot, the 
first telescopic lunar observer. 
Harriot made his first 
observations several months 


a Grimaldi’s 
floor is perhaps 
the darkest 
patch on the 
near side of 
the Moon 


before those of Galileo 
and he produced a 
map that was 
decidedly better than 
Galileo’s. It remained 
more or less unknown 
until 1999, when I 
located a copy of it and 
had it published in the 
BAA Journal, Vol. 73; it 
is also given in my 
own book Patrick 
Moore on the Moon. 
The modern system of 
naming lunar features 
begins with Giovanni 
Riccioli’s map of 1651; 
not surprisingly, 
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TYPE Crater 
SIZE 222km 
AGE 3.9 billion years 


LOCATION Latitude 5.2°S, longitude 68.6°W 
RECOMMENDED KIT 4- to 6-inch telescope 


Riccioli named two 
prominent features after 
himself and his pupil 
Francesco Grimaldi. However, 
he was convinced the Earth 
was the centre of the Solar 
System, which explains why 
Galileo is only represented by 
a small crater. 

Though Grimaldi is 
conventionally listed as a 
crater, it is a complex 
structure. If it lay further away 
from the limb it might well 
have been called a minor 
mare, or at least a basin, 
particularly as orbiting 
spacecraft have located a 
‘mascon’ underneath it. A 
mascon — short for mass 
concentration — is a 
subsurface area of greater 
than average density; regular 
lunar seas such as the Mare 
Imbrium and the Mare 
Serenitatis have well-defined 
mascons. Grimaldi is very 
ancient and belongs to the 
pre-Nectarian period, so that 
its age cannot be less than 3.9 
billion years. The inner wall, 
about 140km across, has been 
so damaged that it has been 
reduced to irregular hills, 
ridges and peaks, though in 
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places there are peaks rising 
to at least 2km. The basin 
inside this wall is the dark 
area, relatively featureless 
though with a few mounds 
and low ridges. Beyond the 
basin are the scattered 
remnants of an outer wall, 
but the area enclosed is still 
considerably darker than the 
surrounding surface. 

Grimaldi is the largest 
member of a group of 
formations on the side of the 
great Oceanus Procellarum 
closest to the lunar limb. 
Other members are Riccioli, 
Hevel and Cavalerius. Riccioli 
is of the same type as 
Grimaldi, though smaller; 
one area of its floor is almost 
as dark as any in Grimaldi, 
while Hevel has a convex 
floor and a moderately high 
central peak. There are rilles 
inside Hevel and other rille 
systems nearby. 

Transient lunar phenomena 
have been observed in 
Grimaldi, and though not 
unmistakably confirmed these 
reports seem to be consistent 
and convincing. Most of them 
take the form of localised 
obscurations. Spectroscopic 
observations have also 
noted occasional 
gaseous emissions, so 
the area is well worth 
monitoring. 

Grimaldi is 
accessible for a good 
part of each lunar 
cycle, though of 
course libration 
conditions have 
to be taken into 
account. Craters 
even closer to the 
lunar limb, such as 
Schliiter and Hartwig, 
are so foreshortened 
that they are very 
difficult to study. 


Southwest _ 


MOONWATCH 


Fra Mauro 


Words: Patrick Moore 
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FRA MAUROIS the largest of a group of three 
ancient walled plains in the Mare Nubium, 
adjoining the area called the Mare Cognitum on 
modern maps. The other members of the group 
are Bonpland and Parry. It is named after the 
Venetian geographer Fra Mauro (c1400-1464). 

Its position means that it is sunlit for a 
considerable part of each lunation, and despite its 
worn and broken walls it is very easy to identify. 
It must once have been a magnificent formation, 
but today it only just escapes being classed as a 
‘ghost’. The maximum height of the wall, in the 
southeast, is no more than 70m, and elsewhere 
the rim consists only of low, irregular ridges. 

The floor has been flooded with lava, and is on 
the same level as the adjoining surface. There are a 
few small craterlets on the floor, and one of these, 
Fra Mauro E, lies near the centre, but there are no 
appreciable hills. A prominent rille extends south 
from the north wall, branching so its extensions 
actually reach the interiors of Bonpland and Parry. 

Bonpland, the southern member of the trio, 
is 97km across and attached to Fra Mauro to the 
north and Parry to the east. It is less damaged 
than Fra Mauro, but its walls are of very modest 
elevation and the floor has been lava-flooded. 


4 Fra Mauro’s walls are 
worn and broken, and 

it only just escapes 
classification as a ‘ghost’ 


TYPE Walled plain 
SIZE 95km 

AGE Between 3.92 
and 4.55 billion years 
LOCATION 

Latitude 6.0°S, 
longitude 17.0°W 


: : RECOMMENDED KIT 
There are several interior craterlets, together ‘ 
ae ee A- to 6-inch 
with rilles that cross the rim in the south and tel 
elescope 


also in the north, extending into Fra Mauro. The 
7km crater Bonpland E, to the west on the Mare 
Cognitum, has been renamed Kuiper in honour of 
Gerard Kuiper (1905-1973), the Dutch astronomer 
who was a pioneer in Solar System research. 

The third member of the group is the 48km 
crater Parry, which is attached to both Fra Mauro 
and Bonpland. Its lava-flooded floor is flat, with 
only a few small craterlets (see how many you can 


Fra Mauro 


Parry 


. 


Rimae Parry 


Bonpland 


Tolansky 


find). South of Parry is the small crater formerly 
known as Parry A, but re-named Tolansky after 
my old friend and principal investigator to the 
Apollo programme Sam Tolansky (1907-1973). 
It is almost 1km deep, and the floor is darker 
than the Fra Mauro trio. 

NASA's Ranger 7 spacecraft came down 
southwest of Bonpland in 1964, and returned 
over 4,000 images, then Apollo 13 was scheduled 
to go to the Fra Mauro region. In February 1971 
astronauts Alan Shepard and Edgar Mitchell, in 
Apollo 14, landed here safely and undertook a 
nine-hour moonwalk, collecting samples to bring 
back to Earth. They were the first — and only — to 
take a Modular Equipment Transporter ‘cart’, and 
were able to cover 3.4km. The Fra Mauro group is 
always worth studying, particularly when the Sun 
is rising or setting over it. 
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Southwest 


MOONWATCE 


Crater Euclides 


Words: Patrick Moore 


The floor of the Oceanus 
Procellarum near Euclides is 
littered with ghost craters 


Oceanus Procellarum its surrounding light-coloured material it is a 

’ : perfectly normal little crater. Euclides lies 30km 

Euclides a west of the Riphaeus Mountains, and is easy to 

locate because it is very much ‘on its own’, with no 
other craters or craterlets anywhere near it. I have 
searched for a central peak, but have failed to find 
one, and if it exists (which I doubt) it cannot be 
more than a low hill. 

The Riphaeus Mountains are short and low; 
with the Ural Mountains to the north, the highest 
peaks reach no more than about 1km. They do not 
make up a mountain range as the Apennines do. 

Well to the south is the 10.3km-wide crater 
Norman, named after the 16th-century British 
mariner Robert Norman, who discovered the 
Earth’s magnetic inclination. Norman is similar 
to Euclides, but without a bright nimbus. Another 
satellite crater of much the same size was named 
Eppinger after a well-known medical expert, but 
it was subsequently found he was an enthusiastic 
Nazi who had carried out inhumane experiments 
on prisoners in one of the German prison camps, 
Dachau. He was hastily removed from the Moon, 
and the crater reverted to Euclides D. 


ate 
Riphaeus } 
Mountains’ 


Norman 


Herigonius 


EUCLIDES IS VERY small, at 12km, but is 


surrounded by streaks of ejecta that make it TYPE Crater The southeastern part of the Oceanus 

one of the brightest objects on the Moon under SIZE 12km Procellarum is rich in low hills, many in clumps 

conditions of high solar illumination. Like many AGE less than and ridges. Though lacking in major formations, 

other impact craters it is bowl-shaped with a 1.1 billion years the whole region is interesting to scan, particularly 
: te Nan and a LOCATION : : 

regular, circular rim, indicating that by lunar ; ‘ under a low Sun. There is also a long, meandering 

oe . Latitude 7.4°S, : miele 
standards it is young, probably Copernican era. It longitude 29.5°W rille between the 15km crater Herigonius and the 
is named after Euclid, the great Greek geometer SEC OMMERIDED KIT famous crater Gassendi. It’s rather elusive but well 


who lived in the third and fourth centuries BC. worth finding. Over the whole region look for 


6-inch telescope 
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The depth is officially given as 1.3km, though 
this may be a slight underestimate (by my visual 
shadow method I make it 1.5km). Apart from 
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‘ghost craters’, overwhelmed by lava — there are 
plenty of them. 

The Oceanus Procellarum itself is much the 
largest of the lunar ‘seas’, but even so, it is smaller 
than our Mediterranean. It does not occupy a 
well-defined basin like the Mare Imbrium or 
the Mare Serenitatis, and gives the impression 
of an overflow, though it is certainly associated 
with ancient formations that are now completely 
buried apart from traces of their rims. So why 
not go on a ghost hunt? 
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Ptolemaeus 


Words: Patrick Moore 


PTOLEMAEUS IS ONE of the 

most famous lunar craters. 

It’s named after Claudius 

Ptolemaeus (Ptolemy), who 

lived from about 120 AD 

to 180 AD and was the last 

and arguably the greatest 

of the Greek astronomers 

of antiquity. The crater was 

named by Giovanni Riccioli in 

1651; it is seen on all the early 

maps and was drawn in detail 

by Wilhelm Beer and Johann 

Heinrich von Madler in 1838. 
Ptolemaeus lies not far from 

the centre of the Moon’s disc 


and can therefore be 
seen for much of each 
lunation, particularly a 
few days either side of 
first and last quarter. 
Its large size and grey 
floor make it easy to 
find, though it is not 
easy to spot under very 
high illumination. The 
shape of the crater is 
more or less circular, 
but the rampart is 

low and irregular; the 
highest peak, in the 
northwestern rim, 


TYPE Crater 
SIZE 153km 


AGE Less than 3.92 billion years 


LOCATION Latitude 9.2°S, longitude 1.8°W 
RECOMMENDED KIT 4-inch telescope 


rises to an altitude of 2.9km. 
The floor is flooded with lava; 
there is no central peak and 
Ptolemaeus is clearly ancient, 
dating back to the time of the 
Great Bombardment. 

Formations of this kind are 
often called ‘walled plains’. 
The only major feature on 
the floor is the low-rimmed, 
bowl-shaped, 9km crater 
Ammonius (formerly known 
as Ptolemaeus A), which lies 
about 10km northeast of the 
centre of Ptolemaeus and is 
easy to see with any telescope. 
It is almost 2km deep. 

Under low illumination 
Ptolemaeus is magnificent, 
with the peaks of the rim 
casting shadows. When the 
Sun is high, small craterlets 
can be seen, and there are 
several ‘ghost craters’ — old 
formations that have been 
overwhelmed by lava that are 
now barely traceable. One of 
these ghosts, Ptolemaeus B, 
is 17km across and lies just 
north of Ammonius. 

Ptolemaeus is the northern 
member of a chain of three 
large formations. The central 
member, Alphonsus, has a 
low central peak and a system 
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of rilles on its floor. The 
southern member, Arzachel, 
has higher walls and is more 
regular, with a prominent 
central peak. Arzachel is the 
smallest of the trio and is 
presumably the youngest. 
Transient lunar phenomena 
have been reported in 
Alphonsus, but not in 
Ptolemaeus or Arzachel. 

Despite its smooth floor 
and its low walls, Ptolemaeus 
isn't the best choice for an 
early manned lunar base; it’s 
close to the equator and here 
the extreme temperature 
variations are far from ideal. 
Yet in the future there seems 
no reason why a base should 
not be established there. It’s 
interesting to note that from 
a base near the centre of the 
crater you would be unable to 
see even the loftiest peaks of 
the outer wall. They would be 
well below your horizon. But 
from there, our own world 
will be high in the sky and 
will look truly splendid. 

Next time the sky is clear 
and the chain of craters, 
including Ptolemaeus, is 
sunlit, it is well worth seeking 
out these great walled plains. 
Binoculars will show 
them clearly when 
the floors are partly 
shadowed, and with 
any telescope you 
will be able to locate 
them even when 
the Sun is high over 
them and there is 
little or no shadow. 
Certainly Ptolemaeus, 
with its broken walls, 
smooth floor and 
inner ghosts, is one 
of the most intriguing 
of all the craters on 
the Moon. 
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Southwest __ 


MOONWAICH 


Crater Gassendi 


Words: Patrick Moore 


TYPE Crater 

SIZE 114km 

AGE Around four billion years 
LOCATION Latitude 17.5°S, 

longitude 39.9°W 

RECOMMENDED KIT 6-inch telescope 


GASSENDI IS PARTICULARLY easy 
to recognise and is of special interest. It 
is named after the French astronomer 
Pierre Gassendi (1592-1655), who 
corresponded with Galileo and was a 
strong supporter of the Copernican 
theory. He was also the first to observe 
the transit of Mercury. 

Gassendi lies at the northern edge of 
the Mare Humorum, so that it comes 
into view well before full Moon and 
remains visible until after last quarter. 
It is recognisable under any conditions 
of illumination, and is a favourite target 


| aoe 


for lunar photographers. It was flooded 
during the formation of the mare, but 
although the wall shows evidence of 
erosion it remains complete, apart 
from the short section adjoining the 
34km crater Gassendi A. Its age must 
be around four billion years. 

The outline is circular and the crater 
lies well away from the limb so that 
there are no marked foreshortening 
effects. The floor is covered with 
solidified lava, and instead of one well- 
defined central mountain there are 
several obvious peaks spread around the 
middle of the floor. The loftiest of these 
is about 1.2km high. 

Even a small telescope will show 
hummocks and rough areas all over 
the interior, and in the southern part 
of the floor there is a ridge concentric 
with the outer rim. This rampart itself 
isn’t particularly high or steep, but there 


Gossendig 


: 
Gassendi A 


- 
Gassendi 


Mare Humorum 


4 With a cluster of central peaks, Gassendi is a striking crater worthy of repeated viewing 
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are a few peaks rising well over a mile 
above the deepest part of the floor. 

The most notable feature of the 
interior of Gassendi is its system of 
rilles. They crisscross the floor, and 
are very easy to see when observing 
conditions are even moderately 
favourable. Few other craters have 
rill systems of such complexity. 

There have been a number of reports 
of transient lunar phenomena (TLP) in 
and near Gassendi. Minor and infrequent 
though they are, it is now generally 
agreed that they do occur, particularly in 
regions rich in rilles (craters Aristarchus 
and Alphonsus for example). One event 
in Gassendi, on 30 April 1966, was seen 
by several observers at several different 
sites; with my 15-inch reflector I recorded 
it as a wedge-shaped, reddish orange 
streak extending from the inner wall to 
the peaks near the centre of the floor. 
TLP-hunting is fascinating, but success 
is very occasional, and you must be 
careful about effects due to the Earth’s 
atmosphere. It is only too easy to be 
deceived, and many reports, even in 
the official TLP catalogues, must be 
regarded as spurious. 

There are satellite craters around 
Gassendi, but only A and B are more 
than 16km in diameter. Gassendi A is 
named ‘Clarkson’ on some maps, after 
the English amateur Roland LT Clarkson, 
but this is not in the official International 
Astronomical Union list. To the south 
there are only a few small craters. 

It is fair to say that Gassendi is one 
of the most attractive of the Moon’s 
craters, and well deserves attention. 

The aspect changes spectacularly with 
the changing solar illumination, and 
photographs taken on successive nights 
will be most rewarding. 
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» Southwest 


IMOQONWATCH 


Rupes Recta 


Words: Pete Lawrence 


Rima Birt 


The ‘Straight Wall’ is neither 
straight nor a wall - it’s a linear 
fault in the Moon’s surface 


TYPE Linear fault 
SIZE 110km long, 2-3km wide 


Thebiit 


“Q 


Rupes Recta 


Stag’s Horn 


AGE Between 3.2 and 3.9 billion years 
LOCATION Latitude 20.0°S, longitude 7.7°W 
RECOMMENDED KIT 3-inch telescope 


RUPES RECTA, ALSO 
known as the ‘Straight Wall’ 
is a most curious linear 
feature. Roughly on a vertical 
centreline of the Moon’s face, 
about one-third of the way up 
from the southern pole, it is 
easily seen with a small 
telescope when the lighting is 
right. And here, lighting is 
very important indeed. 
When the Sun is at the 
right angle, the Straight Wall 
becomes quite obvious. One 
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day after the Moon’s first 
quarter, the rising Sun makes 
it cast a dark shadow to the 
west, giving the impression it 
must be a massive, high cliff. 
As the Moon reaches 
its last quarter phase, 
the Sun’s light 
illuminates the 
Straight Wall from 
the other side, causing 
it to appear bright. 
The reason for this 
difference in 


appearance is that the 
Straight Wall isn’t a wall or 
cliff at all — it’s a slope. When 
the Sun’s light comes from 
the east one day after first 
quarter, the difference in 
height between the higher 
eastern side and lower 
western side is enough for a 
shadow to form and engulf 
the slope — hence the dark 
‘line’ appearance. At last 
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quarter the Sun’s evening 
light, now coming in from 
the west, falls directly on the 
slope, so instead of a shadow 
it is lit up. 

Amazingly, the slope that 
looks so dramatic from Earth 
is actually quite a gentle 
affair, with an inclination 
estimated to be around 10°, 
rising to a height of about 
0.3km. The Straight Wall is 
an example of what’s known 
as a linear fault, where the 
portion of surface to the west 
has dropped relative to the 
surface to the east. Although 
it is referred to as being 
straight, a large telescope will 
show that there are kinks 
along the fault. 

The Straight Wall runs 
across the centre of an 
unnamed broken crater for 
around 110km from north- 
northwest to south-southeast. 
It starts close to the 5km- 
wide crater Thebit D in the 
north and finishes within a 
cluster of mountains to the 
south. Part of this mountain 
range contains a peculiar 
crescent shaped feature 
sometimes referred to as the 
Stag’s Horn. If you have a 
good imagination this can be 
seen as a cutlass handle, the 
wall representing 
the blade. 

You can find it 
towards the eastern 
edge of the Mare 
Nubium, 94km to the 
west of the 60km- 
wide crater Thebit. 
Immediately to the 
west of the fault is 
the 17km-wide crater 
Birt; a short distance 
to the northwest is a 
rille known as Rima 
Birt. This is a lot 
harder to see than the 
Straight Wall itself, 
requiring a 12-inch or 
larger telescope. 
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Crater 
Thebit 


Words: Patrick Moore 


THEBIT SITS ON the mountainous 
southeast shore of the Mare Nubium, 
the Sea of Clouds. It’s named after the 
Arab astronomer Thabit ibn Qurra, who 
lived from 826AD to 901AD and is best 
remembered for translating Ptolemy’s 
great book the Almagest into Arabic. 
Crater Thebit is only 60km in diameter, 
but it is fairly easy to find. 

It lies near the large walled plains 
Arzachel and Purbach, and so is visible 
whenever the Moon is more than half 
full. It is reasonably circular in form 
and just over 3.2km deep, with walls 
that are terraced in places. It was almost 
certainly formed in the Upper Imbrian 
period, so that it is more than three 
billion years old. The floor is rough but 
there is no central peak. 


Thebit A 


TYPE Crater 

SIZE 60km 

AGE Over three billion years old 
LOCATION Latitude 22°S, longitude 4°W 
RECOMMENDED KIT 8-inch telescope 


The west wall is broken by a well- 
formed, bowl-shaped crater called 
Thebit A, which is itself broken by the 
9.6km Thebit L — a conspicuous trio, 
following the usual rule of ‘smaller 
breaks into larger’, though in this case 
the outer wall of L barely overlaps that 
of Thebit A. It is worth noting that L has 
a central peak, often said to be a test for 
small telescopes, though I find that under 
conditions of good seeing my 3-inch 
refractor shows it easily enough. 

Thebit is the best guide to one of the 
most famous features on the Moon: the 
Straight Wall. It’s inappropriately named, 
because it is not perfectly straight and is 
certainly not a wall. The surface of the 
mare to the west is almost 300m lower 
than to its east, so that the so-called ‘wall’ 
is nothing more nor less than a giant fault 
about 110km long. It has been nicknamed 


‘the Railway’, and in the 17th century 
astronomer Christiaan Huygens wrote 
that it resembled a sword. It begins in 
a clump of hills known as the Stag’s 
Horn Mountains, and ends at a small 
craterlet in the north. To locate it a low 
magnification is adequate; find Thebit, 
and then look due west. 

On the far side of the Wall is the 
18km diameter crater Birt, which also 
has its wall broken by a smaller crater; 
inexperienced observers have been known 
to confuse Birt with Thebit, but there is 
no third member of the Birt group, and 
a prominent rille lies just outside. When 
you have learned your way around the 
area, it is fascinating to follow it through a 
lunation (a cycle of the Moon’s phases). 

Thebit appears very soon after first 
quarter, followed by the Wall, which 
shows up as a dark line because it casts 
a shadow on the lower ground to the 
west. As full Moon approaches the Wall 
becomes hard to identify, though both 
Thebit and Birt are fairly deep and never 


ThebitL é} 
i 
‘ 


vanish completely, while the Stag’s Horn 
Mountains can be traced. Then the Wall 
reappears, this time as a bright line, 
because the Sun’s rays are shining on its 
inclined face — not a sheer cliff, though 
in places the angle of slope is at least 30°. 
Then toward last quarter, nightfall comes; 
Thebit is the first to be plunged into 
darkness, then the Wall and finally Birt. 
Note too that there are some ‘ghost 
rings’ around, one of which has been 
called ‘Ancient Thebit’. There is certainly 
plenty of detail along the coast of the 
Sea of Clouds, but above all there is the 
Straight Wall, surely to become a major 
tourist attraction in the future. And —1 
wonder, will visitors to the Wall pause first 
to refresh themselves at Thebit Base? It 
could so easily happen! 


The Straight Wall 


Stag’s Horn 
Mountains 


4 The area surrounding Thebit is teeming with features, including the Straight Wall 
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The Mare Humorum is a 
central point from which 
you can explore ghost 
craters, rilles and more 


: 
Gassendi 


| 


Mare Humorum ; another feature that appears to run parallel to the 
. shore of the Mare Humorum. 

Rimde The mare’s floor is littered with small craterlets, 
Promontorium Hippalus the largest of which is about 10km across. The 
Kelvin ’ most prominent craters sit on the mare’s northern 
and southern shores. On the southern shore, 66km 
Poiseur "crater Doppelmayer appears to be sinking into the 
, mare’s lava. The southern half of Doppelmayer’s 
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Mare Humorum 


THE MARE HUMORUM, or Sea of Moisture, is a 
circular feature that appears foreshortened into an TYPE Sea 


oval when viewed from Earth. The surface of the SIZE 390km 
sea is fairly regular at first glance, but slowly Ls Ga RON Ca 
reveals extra detail on closer examination. ci and 3.92 
Under oblique illumination, for example, easiest 
: ; : i LOCATION 
there is a set of concentric wrinkle ridges to the latitude 24°S 
east of the mare, running parallel to its shore. longitude 39°W 


The process behind the formation of maria like RECOMMENDED KIT 
this one starts with a large impact that cracks 
the lunar crust. The depression created by the 
impact then fills with lava, which wells up 
through the cracks from below. The lava 
buckles as it cools, forming low-profile ridges 
that appear concentric to the basin edge. The 
ridges can be tricky to spot under high 
illumination, but when the light is coming 
from the side their elevated height causes them 
to cast shadows. 

Beyond the shore, past the wrinkle ridges to the 
southeast, is a series of rilles known as the Rimae 
Hippalus. Between these features lies a solitary 
island, which appears isolated on the lava plain 
that surrounds it. This is the Promontorium 
Kelvin. It is flanked to the southeast by the 
mountain range known as the Rupes Kelvin, 
named after William Thompson, Lord Kelvin, 


3-inch telescope 


rim is well defined, as is its lofty central mountain 
peak. However, the northern edge disappears 
under the mare. East of Doppelmayer is 26km 
crater Puiseux. This one lacks the magnificent 
central peak of its larger neighbour and its floor 
completely flooded by Humorum’s lava. However, 
Puiseux’s entire rim is above the mare’s floor, 
creating a feature known as a ghost crater. 

The northern shore is marked by the impressive, 
114km-wide Crater Gassendi. Within its rim is the 
network of cracks known as Rimae Gassendi, 
various hills and a double mountain peak. On the 
western shore, a mountain range curves south and 
west of Gassendi. Between it and the mare floor 
lies a ‘beach’ of rugged material that stops 
abruptly as it encounters the smooth mare. The 
beach is flanked by an scarp, or cliff. It is visible 
adjacent to the rim of Gassendi, then disappears 
for some 110km before reappearing and stretching 
almost all the way down to Doppelmayer. 


WHERE TO FIND IT 
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Crater Pitatus 


Words: Pete Lawrence 


TYPE Crater 
SIZE 98km 


Southwest 


MOONWATCH 


AGE Between 3.85 and 3.92 billion years 
LOCATION Latitude 29.9°S, longitude 13.5°W 
RECOMMENDED KIT 4-inch telescope 


Hesiodus 


Hesiodus D 


Hesiodus A 
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Wurzelbauer 
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CRATER PITATUS IS an old 
and prominent feature at the 
southern end of the Mare 
Nubium, the Sea of Clouds 

— it almost appears to be an 
extension of the sea. In many 
cases where large, high-walled 
craters lie close to the edge of a 
lava basin, the basin lava has 
broken through the ramparts to 
resurface the crater floor. In the 
case of Pitatus, it’s believed the 
floor lava welled up from 
within the crater itself. 


Mare Nubium 


Pitatus S 
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The three-quarter, 
octagonal-shaped rim appears 
eroded to the north. Pitatus’s 
smooth floor has a small, 
central mountain. A rough 
hilly region lies north of the 
mountain but the rest of the 
floor is relatively smooth 
with just a few tiny craterlets 
and a number of subtle 
domes, visible when 
the terminator is near. 

Things start to get 
interesting closer to the rim. 
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< Take a close 
look at Pitatus’s 
rim: there is a 
curious rille 
running around 
much of the 
inside of it 


A curious crack, or rille, runs 
parallel to it. Using a 10- 
inch scope under steady 
seeing, the rille can be 
spotted close to the northern 
edge of the rim. It follows 
the inside profile of the 
crater to the east and round 
to the southeast. In high- 
resolution images, you can 
follow this crack virtually 

all the way round. A thin 
rille appears to join the rim 
to the central mountain to 
the southwest. 

The western rim is odd 
because it appears gouged 
out; it’s almost as if a giant 
finger has been run along it, 
causing a groove. Closer 
inspection suggests this is 
a line of small craters, 
perfectly aligned to the 
curve of the rim. 

The ray crater Tycho lies 
410km to the south and 
slightly east of Pitatus. During 
the fuller phases of the Moon, 
bright Tycho (86km wide) and 
dark Pitatus (98km) look like 
negatives of one another. 
When the Sun is high in the 
lunar sky, Pitatus’s floor looks 
dark, but look closely and you 
should be able to see patches 
of bright ejecta from Tycho, 


which is roughly one-third 
the age of Pitatus. 

Pitatus touches crater 
Hesiodus (43km) to the west. 
They are connected by a gap in 
their rims. Hesiodus has a tiny 
5km craterlet at its centre 
called Hesiodus D. However, 
the real treat is Hesiodus A 
(15km), which touches the 
southern wall of its parent 
crater. The floor of Hesiodus A 
contains two concentric rings. 

Located 73km to the north 
of Pitatus’s centre is a superb 
horseshoe crater called 
Pitatus S. Here, a perfectly 
circular crater has become 
flooded by Mare Nubium lava. 
However, not all the crater has 
disappeared — a delicately thin 
semicircle of crater wall can 
still be seen. 

While Pitatus is pretty 
ancient, to the south of it lie 
two even older craters in the 
form of Gauricus (80km) and 
Wurzelbauer (88km). Gauricus 
has a smooth round cross- 
sectioned rim surrounding a 
flat crater floor. Wurzelbauer 
looks really ancient. Here the 
rim is ill defined and rather 
ragged. The floor is old and 
weathered — extremely rough 
in contrast to its neighbour. 
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Deslandres 


Words: Pete Lawrence 


by and the lighting oblique. There are rim is marked by a number of craterlets; 
TYPE Walled plain several examples of broken, flooded its floor is also convoluted, covered in 
SIZE 240km ghost craters within the borders of lumps, bumps and more craterlets. In 
AGE Between 3.92 and 4.55 billion years Deslandres. Towards the east of the between Lexell and Hell lie 10km-wide 
LOCATION Latitude 32.5°S, region is an impressive chain of five Hell E and 14km-wide Hell C. The 
longitude 5.2°W craterlets, which includes 5km-wide progression in size continues with 
RECOMMENDED KIT 4-inch telescope Hell H. A tiny sixth craterlet is lodged 22km-wide Hell A to the southwest. 

between the main pair to the south. Imaging the plain’s main craters 


The eastern edge of Deslandres adjoins _ shouldn’t prove much of a challenge, but 
the 145km-wide crater Walter; the rather the small craterlets — the largest just 2km 
WH E RE TO Fi N D IT misshapen, 36km-wide crater Walter W wide — will prove more difficult. It can 
sits to the west of Walter, inside the also be hard to locate the southwestern 
Deslandres boundary. To the south lies edge of Deslandres, marked by 43km- 
the 65km-wide Lexell, the northern rim wide crater Ball, with its terraced walls 


of which appears to be beneath the lava and fine central mountain. To the 
floor of Deslandres. Lexell’s southwest northwest of Ball is 29km-wide Ball A. 


One easy way to find 
Deslandres is to work 
your way south from the 


DESLANDRES IS A walled plain —a more obvious Rupes Recta 

vast expanse of the Moon surrounded 

by the vague outline of a heavily eroded Wpbupeskesia 

crater rim. It is located south of the r 
famous Rupes Recta (the Straight Wall) < 


and about 250km to the northeast of the 
prominent ray crater Tycho. 

The lava-flooded floor of Deslandres 
is covered by interesting features, the 
most prominent being 34km-wide crater 
Hell, close to the western boundary. 
Deslandres once went under the name of 
Hell Plain, a nod to the prominence of 
this crater in its own right. Named after 
18th-century Hungarian astronomer 
Maximilian Hell, its steep walls surround Hell B : 
an offset central mountain peak. {3 ~ Walter W 

Most of the other craters and craterlets ia Sele 
that inhabit Deslandres are attached to Ow Deslandras . ; 
Hell by name. To the north lies the 22km 
Hell B, which is interesting because it is 
little more than a rim. The floor of Hell B 
is perfectly flat and harmonious with that 
of Deslandres, save for a pocket of tiny 
craterlets in the southwest corner. 

Look out too for the ruined and 
unnamed crater that lies to the southeast 
of Hell and has similar if not slightly 
larger proportions. This is a ghost crater, 
difficult to see under direct lighting but 
made visible when the terminator is close 


Mare Nubium 
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Crater Tycho is obvious 
through binoculars, sitting 
at the centre of a stunning 
system of bright rays 


Crater Tycho 


Words: Patrick Moore 


TYPE Crater 
SIZE 86km 


AGE A little more than 100 million years 
LOCATION Latitude 43.3°S, longitude 11.2°W 
RECOMMENDED KIT 4-inch telescope 


FOR PART OF each lunation, 
Tycho is perhaps the most 
conspicuous feature on the 
entire Moon. It is named after 
Tycho Brahe (1546-1601), 
the Danish astronomer who 
was much the best of all 
pre-telescopic observers and 
whose measurements of the 
movements of Mars enabled 
Johannes Kepler to show 
that the planets’ orbits are 
elliptical, not circular. 

The crater has a high, 
continuous wall and a 
prominent central peak, 
but what distinguishes it 
is its unrivalled system of 
bright rays, which extend 
outward from the crater in 
all directions, covering an 
area of over 550,000 square 
km and containing dense 
clusters of small secondary 
craterpits. At sunrise Tycho 
looks like a normal crater, 


and is a superb sight with its 
floor partly in shadow and 
sunlight catching the central 
peak. But before long the rays 
come into view, and near 
full Moon they dominate 
the whole scene, covering all 
the features they cross, and 
making even large 
craters difficult to 
identify. In fact, full 
Moon is the worst 
time for a beginner to 
start observing. The 
longest rays stretch 
for up to 1,500km. 
Tycho lies in the 
southern uplands, 
and often gives the 
impression of being a 
polar crater, though 
in fact it lies well clear 
of the libration zone 
and is only slightly 
foreshortened. The 
fact that the rays of 
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Tycho overlie other features 
shows that the crater must 

be very young by lunar 
standards: perhaps the 
youngest of all the major 
craters. Its age is usually given 
as a little over 100 million 
years. Remember, though, 
that at the time of the Tycho 
impact the most advanced life 
forms on Earth were jellyfish 
and the like. It has been 
suggested that the impactor 
that produced Tycho was a 
broken-off fragment of the 
asteroid 298 Baptistina, and 
even that another fragment 
produced the Chicxulub 
crater 65 million years ago 


WHERE TO FIND IT 


and led to the demise of the 
dinosaurs. Theories of this 
kind are interesting, but 
highly speculative! 

Tycho is in a crowded 
area; nearby large craters are 
Street, Pictet and Sasserides. 
However, it is always easy to 
spot because of its bright walls 
and regular shape. When 
the rays come into view they 
seem to extend from the walls 
rather than the peak in the 
centre. The ramparts beyond 
the rim are darker than the 
floor out to a distance of at 
least 100km, and are ray-free. 
This duskier rim may consist 
of minerals dislodged during 
the impact. 

During the next 
lunation I strongly 
recommend that 
you make a special 
study of Tycho, both 
by drawing it and 
photographing it. 
Catch it as the first 
gleam of sunlight 
strikes it, and watch 
the slow emergence 
of the central peak; 
then come the rays, so 
that by the time of the 
full Moon, everything 
is swamped in the 
pool of light. 
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Crater Clavius 


Words: Patrick Moore 


CLAVIUS IS SOMETIMES described as the 
largest crater on the Moon. Although this is 
not true, it is certainly a most imposing ring. 
When on or very near the terminator, it can be 
distinctly identified with the naked eye and is 
very clear through a pair of binoculars. Not 
surprisingly, it was marked on all early maps of 
the Moon. It is named after Christopher Clavius 
(1538-1612) a well-known German scientist 
equally eminent in astronomy and mathematics. 
This lunar feature is sometimes described as a 
link between a crater and a basin. Its main wall is 
continuous, but it is disturbed by several craters, 
including Rutherfurd and Porter. The floor, 
which has an area greater than that of 
Switzerland, is sunken but reasonably level, save 
for the presence of an arcuate ring of craters 
made up of Rutherfurd, Clavius D, C, N and J. 
These craters are useful objects for testing the 
resolution of very small telescopes. The highest 


Clavius’s floor 
has alarger area 
- . 
than Switzerland 
a \e 


peaks within Clavius cast long shadows across TYPE Crater 

Sane : SIZE 225km 
the floor when the Sun is rising or setting over 

AGE Between 
them. There also appears to have been a ieee 
considerable amount of lava flooding after the billion ee 
main craters formed. LOC feats 
Clavius is the largest of several major impact Latitude 58.4°S 

craters of the same type in this region, of which (Snciudertas: 4°-wW 
others are Blancanus, Scheiner and RECOMMENDED KIT 


Longomontanus. These are interesting in 
themselves: Blancanus (to the south of Clavius) 
and Scheiner (to the west) are of a similar size, 
just over 100km across, and resemble each other 
in structure, with high, continuous walls. 
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Clavius is the largest 
of several impact 
craters in the region 


Longomontanus (northwest of Clavius) is 145km 
wide and bears some similarity with Clavius 
itself, as its high wall is interrupted by craters. 

All of these major formations lack central 
peaks, which suggests that this whole region of 
the Moon must have been immensely disturbed 
during their formation. All are basically circular, 
though their position on the lunar disc makes 
them appear elliptical due to foreshortening. 
Further toward the limb are two more large 
formations, Klaproth and Casatus, which are 
actually joined to each other. 

It is always interesting to photograph the area 
around Clavius when the Sun is rising or setting 
over it, as when the main craters are filling with 
shadow they are truly impressive. I have searched 
for any traces of central peaks in Clavius’s main 
companions, but without success. 
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THE MOON 


Whether you have a phone camera or a pro camera, 
we show you how to take your first lunar astrophoto 


WORDS: WILL GATER 

he silvery Moon riding high in astrophotography, the Moon’s 

in the sky ona crisp winter’s brightness and large apparent diameter 

night is a perennially alluring make it a superb target to cut your astro 

sight, and for the imaging teeth on. Indeed, nowadays you 
photographers among us its smooth need little more than a smartphone 
seas, mountains and crater-flecked camera and small telescope to snap 
plains present a similarly inescapable detailed images of our satellite’s 
attraction. For those just starting out spectacular, rugged surface. 
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Here, we’re going to explore some of 
the basics of lunar imaging, from the 
techniques that can produce great results 
to the features and phenomena that 
make ideal subjects for beginner shots. 
We'll also use key astro imaging skills 
— such as composition and tracking a 
target — in two step-by-step projects. 


Even a smartphone 
camera can deliver 
decent shots of 

the Moon 


IMAGING THE MOON 


AFOCAL IMAGING 


Capturing the view through your telescope with a smartphone 


IF YOU OWN a small scope then 

you may have already tried one of the 
simplest methods for grabbing a picture 
of the Moon: afocal imaging. This is a 
fancy name for something that’s really 
very simple — holding your camera 

up to the eyepiece of the telescope 

and snapping the view. 

Traditionally, point-and-shoot cameras 
and the like have been used for afocal 
imaging with great success, but now 
— in the age of the camera-equipped 
smartphone — wonderfully detailed, sharp 
images can be captured with just the 


mobile in your pocket. One 
of the main challenges of 
afocal imaging is keeping 
the camera aligned with 
the eyepiece so that 

the Moon stays in 

view. Special adaptors 
are available to 

buy that will hold 

a smartphone or 


4 You can buy 
adaptors to hold a 
smartphone square- 
on to the eyepiece 


digital camera in 

place to make this easier, but if you're going 
the handheld route then we recommend 
using a low power eyepiece at first. 


CAPTURE THE FULL MOON AS IT RISES 


Image the full Moon rise with a DSLR or bridge camera, a lens or small refractor, and a static tripod 


1. CHOOSE YOUR LOCATION 


An interesting foreground makes for an 
attractive moonrise shot. A sea horizon offers 
a dramatic setting if you’re planning to use a 
longer lens, especially with the atmosphere 
distorting and reddening the Moon's disc. 
Alternatively a high vantage point can give 

a great sense of depth and distance. 


2. TIMING AND DIRECTION 


The time the Moon rises and the direction it 
does so are also vital considerations. 
Planetarium software such as Stellarium 
(www.stellarium.org) and smartphone apps 
such as The Photographer’s Ephemeris can 
be extremely useful for planning precisely 
where you need to be looking and when. 


3. SET UP YOUR EQUIPMENT 


Set up 10-15 minutes before moonrise, just in 
case you have kit issues that need addressing. 
If you're at a new site, this will also give you a 
chance to choose the best view or foreground 
for the photo. You'll typically only have a 
short window to get the shot once the Moon 
is above the horizon, so preparation is crucial. 


4. COMPOSE THE SHOT 


Think about the composition of your shot. You 
may have decided on your foreground, but 
how do you want to include it? With a plain 
horizon you could offset the Moon, perhaps to 
include a feature of the landscape. If you have 
a sea horizon, the moonlight on the water 
might help create an attractive focal point. 


5. CAPTURE THE SHOT 


Once the Moon’s up, experiment with the 
exposure and ISO settings to ensure you get 
detail in your foreground without overexposing 
the Moon. It’s all about waiting for that ideal 
moment when the Moon’s light is balanced with 
the fading twilight, the clarity of the sky and 
how high the lunar disc is above the foreground. 


6. EDIT AND ENHANCE 

When you've captured your shots, it’s worth 
loading them into photo editing software for 
final enhancements. Of particular use for 
moonrise images are the tools that allow you 
to lighten the ‘shadows’ or darker regions within 
an image - this can really help to bring out 
foreground detail that is slightly underexposed. 
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BASICS OF HIGH FRAME RATE IMAGING 


Learn how to cut through the wobbles of our atmosphere to create sharp lunar images 


High frame 
rate cameras 
need to be 
controlled using 
a computer 


HOLD A DIGITAL camera or smartphone 
up to the eyepiece of a telescope and 

snap the Moon’s disc afocally and you're 
likely to notice that from shot to shot the 
sharpness in the image varies. In one area 
of an image you might capture a crisp view 
of a crater field, whereas elsewhere in the 
shot the image is slightly blurry. In the 


next shot another area may be sharper or 
the whole disc may be noticeably soft. 

This variation in detail from moment 
to moment is all down to the turbulent 
undulations of the atmosphere high 
above us. When astronomers talk of 
good ‘seeing’ conditions, what they 
mean is that these undulations are less 
pronounced and the view is steadier. 
But even on a ‘normal’ night there may 
be very brief moments of steadiness that 
provide a fleeting, sharp, view of the 
lunar surface. What if there were some 
way we could capture these transient 
moments and combine them all into 
one really sharp image? 

This is precisely the principle behind 
high frame rate lunar imaging. By 
using a webcam or a specialist high 
frame rate camera and a computer, 
astrophotographers can capture a 
short video of hundreds, perhaps even 
thousands, of individual frames. Then, 


A single frame 
from an AVI 
video is soft 
and blurry 


Stacking the 
best frames 
from a video 
produces an 
image that is 
much sharper 


using software such as RegiStax 
(www.astronomie.be/RegiStax) or 
AutoStakkert (www.autostakkert.com), 
the frames from these videos can be 
sorted and only the best selected. These 
are then stacked together to form a final 
image that is carefully sharpened to 
produce a shot that’s beautifully detailed. 


FOCAL LENGTH AND COMPOSITION 


Learning how to place your target properly within the image frame will improve your astrophotos 


WHEN IT COMES to composition, the 
choice of what focal length to image the 
Moon at naturally makes a tremendous 
impact on the final picture. 

A short focal length DSLR lens will 
produce a wide view, with the Moon 
appearing tiny — perfect for conveying a 
sense of the great expanse of surrounding 


4 Short focal lengths allow you to capture the 
Moon in the context of the wider landscape 


sky or incorporating a large-scale 
atmospheric phenomenon. 

Using a longer focal length lens, or 
small refractor, will change the feel of the 
image entirely: here faraway trees, hills 
or buildings can be brought right up 
close with the disc of the Moon looming 
over them. And then there’s the high- 


4 With longer focal lengths you can get closer 
and breathe new life into foreground targets 
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magnification world of high frame 
rate imaging, where the field of 

view is generally very small. Even here 
it’s worth considering where in the 
shot to place the surface feature youre 
imaging, and whether a carefully 
planned mosaic could draw the 
viewer's eye more effectively. 


4 Under high magnification the lunar disc is 
replaced with glimpses of individual features 


<1. CONSULT 
A CALENDAR 


Find out when the 
Moon will be a thin 
crescent — there's a 
phase chart in every 
BBC Sky at Night 
Magazine, and 

you can also use 
smartphone apps or 
planetarium software 
such as Stellarium 
(www.stellarium.org) 
The four days either 
side of new Moon 
are ideal. 


<3. BRING 
THE MOON 
INTO VIEW 


Once set up, move or 
slew your telescope 
to bring the Moon 
into the field of view. 
If your mount can 
track at the lunar 
rate, as opposed to 
the sidereal one, it’s 
a good idea to select 
that now, especially 
if you intend to use a 
longer focal length 
lens or scope. 


<5. FINALISE 
COMPOSITION 
Next look at the 
composition of your 
shot. If your field of 
view is fairly wide 
think about including 
some trees, a distant 
hedgerow or some 
buildings. If you‘re 
shooting close in, 
consider how the 
heavily overexposed 
crescent and the 
glow around it will 
look in the frame. 


< 7. SETTINGS 


The camera settings 
required will vary 
between equipment 
setups. Exposures of 
a few seconds at ISO 
400-1600 should work, 
with the lunar crescent 
being overexposed 
by necessity. Longer, 
low ISO exposures, 
for example, will 
produce smoother 
images but may cause 
foreground blurring 
as the mount tracks. 


STEP BY STEP IMAGING EARTHSHINE 


Discover how to image the portion of the Moon that’s illuminated by the light scattered off Earth 


2. GET YOUR 
KIT SET UP > 


Depending on when 
you're imaging, the 
Moon will be relatively 
low in either the west 
or east, so ensure you 
have a clear view. 
Set up your mount, 
scope and camera 
as normal — you'll 
need a driven mount. 
We'll be using a DSLR 
and small refractor 
or long lens for 

this tutorial. 


4. FOCUS 


THE IMAGE > 
Getting a sharp 


image is the key to 
capturing a great 
earthshine shot, so 
confirm that the view 
is in focus. Here the 
live preview function 
on modern DSLRs is 
particularly helpful. 
Observing the 
ragged inner edge 
of the lunar crescent 
is a. good way to 
judge the focus. 


6. CAPTURE > 


Be sure to shoot in 
RAW to give you 
greater flexibility when 
it comes to editing. 
Unlike other forms of 
lunar photography, 
earthshine generally 
requires only single 
shots. Using a remote 
shutter release cable 
will keep the image 
free from blurring 
caused by shake 
introduced when you 
push the shutter button. 


8. TWEAKS, 
CROPS AND 
FINAL EDITS > 


Editing programs like 
Photoshop (paid) and 
GIMP (www.gimp.org) 
allow you to tweak 
the ‘Levels’ to improve 
the colour balance, 
brightness and 
contrast. You may 
also like to employ 
the ‘Unsharp Mask’ 
tool to sharpen up 
fine detail on the 
lunar disc. 


IMAGING THE MOON 
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IMAGING THE MOON 


TOP LUNAR SURFACE TARGETS 


SS LS | 


If you want to try out high-magnification lunar imaging, here are eight top targets to get you going 


CATHARINA, CYRILLUS AND THEOPHILUS 
These three craters are some of the most photographed on the Moon. 
For a particularly dramatic shot, image them two days before first quarter. 


ARISTOTELES GASSENDI 

Crater Aristoteles sits on the edge —_ You'll find Gassendi on the 

of the Mare Frigoris. Its intricate northern shore of the Mare 
ejecta blanket and terraced walls © Humorum. When it comes to 
make it a wonderful crater to imaging it, good seeing conditions 
image when it is being lit from are needed to clearly reveal the 
a low angle. interesting rille system within. 


PLATO AND THE VALLIS ALPES 

The region on the northeastern edge of the Mare Imbrium is rich in 
attractive targets and the crater Plato and the nearby Vallis Alpes are 
two that no lunar imager should overlook. 


102.)  WWW.SKYATNIGHTMAGAZINE.COM 


RUPES RECTA SCHROTER’S VALLEY 

Also known as the Straight Wall, Vallis Schréteri, or Schréter’s 
this huge fault is a fascinating Valley, sits next to the prominent 
feature to observe and image. crater Aristarchus. Capturing 
You'll need to catch it when it’s the fine detail of this winding 
illuminated obliquely however, volcanic feature is a good test 


otherwise it’s practically invisible. of a beginner's imaging skills. 


TYCHO’S RAY SYSTEM 

The bright material — known as a ray ejecta — blasted across the 
Moon's surface by the impact that formed the crater Tycho is one of 
the few lunar features which is best seen at full Moon. 


COPERNICUS 

One of the most spectacular craters on the Moon, Copernicus has it 
all. Its grand terraced walls, prominent central peaks and surrounding 
ejecta blanket make it a great imaging target. 
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TALES FROM A LIFE IN ASTRONOMY 


FROM THE MAKERS OF 


as Sky at Night 


MAGAZINE 


Brought together for the first time, The 
Universe According to Patrick Moore is the _ 
definitive collection of Sir Patrick Moore's © 
columns for BBC Sky at Night Magazine.” 
Britain's preeminent amateur astronomer 
recounts a lifetime of looking up: his tales 
from filming The Sky at Night TV show, 
his thoughts.on the pioneers he met 
along the way, plus his opinions on space 
science, the search for 8 and the future. 
On sale now. E 


Plus — subscribers to BBC B. at Night 
Magazine receive FREE UK P&P*! 
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In-depth features remembering a Read Patrick’s columns, unabridged and Organised by theme, this rich vein of Patrick’s 
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Unmanned 


missions ,to the Moon 


must 


Our 


cont 


probes and robot rovers have told us so much about 


iInue 


the Moon. They should carry on exploring its mysteries 


en have been to the Moon, 

automatic recording 

stations have been set 

up there and orbiting 
probes have mapped its entire surface, 
including the 41 per cent that can never 
be studied from Earth because it is 
always turned away from us. So now 
is the right time to ask ourselves two 
questions: firstly, do we yet really have 
a complete knowledge of the Moon? And 
secondly, is there any point in sending 
further unmanned missions? 

The answer to the first question is 
a resounding ‘no’. We have not been 
able to find out 
much about the 
materials below 
the visible crust, 
and the Americans 
in particular 
are obsessed with the hope of finding 
ice there. It is quite true that some of 
the polar craters have permanently 
shadowed floors so that the 
temperatures remain very low. From 
this point of view, ice could persist. But 
how could it have got there, and is there 
any real evidence supporting the idea 
of its presence? 

All the rocks brought home by the 
Apollo astronauts and the Soviet 
unmanned missions indicate that the 
Moon is bone dry and always has been. 


Samples have been obtained from quite 
a number of areas, and they all tell the 
same story. Therefore, any ice cannot 
be truly ‘lunar’; it must have been 
brought there, and the only conceivable 
transporter is a comet. Comets are icy 
and the Moon has been bombarded by 
them often enough in the past — it could 
still happen today (just think of Jupiter 
and Shoemaker-Levy 9 in 1994). 


The case against ice 
An impacting comet would produce 
a great deal of heat — enough, surely, 
to vaporise any icy stuff. Moreover, 


wa international lunar base would 
be of inestimable value to mank#i@ 


an impact violent enough to produce 
a large crater would hurl most of the 
debris away from the Moon altogether, 
and any ice in what fell back would 
vaporise on landing. 

I admit that I have always been 
slightly dubious about meteorites 
coming from the Moon and Mars, 
but the evidence is strong, and Iam 
probably wrong (just as for many years 
I was wrong in supporting volcanism 
as being the cause of the Moon’s main 


craters). However, if sizable chunks 
of lunar and Martian material can 

be hurled clear by an impactor, then 
so can smaller fragments. You cannot 
have it both ways. 

The evidence has come from probes, 
beginning with Clementine. It led to 
sensational claims in the US — there 
would be enough ice to provide water 
for a large lunar city — and the press 
reports gave the impression that all 
one had to do would be to go to the polar 
crater and scoop the ice up. Alas, things 
could never be as straightforward as 
this because the ice would not be bare, 
but combined with 
rocks. In any case, 
what Clementine 
detected, — or 
was said to have 
detected — was 
not ice at all, but hydrogen. 

This is a very different scenario. The 
US authorities merely reasoned that 
the presence of hydrogen would mean 
the presence of ice — but why should it? 
Hydrogen would much more probably 
have come from the solar wind, which 
strikes the Moon all the time. And 
when the later Prospector probe was 
deliberately crashed into a polar crater, 
the ejected debris was again ice-free. 


To me, the final piece of negative 
evidence comes from Mercury. Here, 
too, ice was suspected in polar craters, 
from data sent back by the Mariner 
10 craft — [at the time of writing] 
the only spacecraft to have reached 
that fascinating but forbidding little 
world. But the same indications were 
found in areas that do receive sunlight 
and where no ice could possibly be. Yet 
NASA has not given up, and its latest 
plans still involve ice hunts. I have 
the unworthy suspicion that politics 
may have something to do with it, but 
time will tell. 


Robotic vanguard 
We are living in the Space Age and, if 
we avoid any more wars, we can hope 
to make real progress in space research 
in the near future. It’s worth noting 
that space science is closely linked with 
many other sciences, notably medicine. 
An international lunar base would be 
of inestimable value to mankind as a 
medical centre, a physics centre and an 
observatory. From a purely technical 
point of view, it could probably be 
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established well before 2030, but there 
are some serious problems. Radiation 
is, in my view, at least the worst. Down 
here on Earth, we are shielded by our 
atmosphere, but the lunar atmosphere 
is absolutely negligible, and there is 
no protection at all. Astronauts have 
been to the Moon, but they did not 
stay for long. What would be the effect 
of a major solar storm? Space station 
experience is not quite enough. 

The obvious answer is to use 
unmanned stations, which can monitor 
the situation over long periods and help 
us to evaluate the extent of the risk. 
Once we know this, we will be able to 
take the appropriate steps to ensure the 
safety of any lunar crews. At least we 
can rule out any dangers from ground 
disturbances — the strongest 
‘moonquake’ would be too gentle 
to damage equipment. Of course, 
there is always a slight risk from 
meteoroids — they’re thought 
unlikely to pose any major 
threat but, again, the robots 
would be able to tell us. 


i 


A long-term robotic 
settlement could establish 
the viability of a lunar base 


In addition, there is also money to 
consider. In everyday terms, space 
research is expensive, but it isn’t 
so exorbitant when compared with 
national budgets. And while it is true 
that a year’s money spent on space 
research would pay for a goodly number 
of hospitals at home, it is also providing 
information that will be, and is being, of 
immense help to medical researchers. 

There are many lunar programmes 
well under way. In a few decades, 
copies of BBC Sky at Night Magazine 
may well be produced in, say, the 
‘Ptolemaeus Printing Works’, rather 
than in England. Yet one thing is 
definite: where men venture, robots 
must go first. 
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A new Space 

Race appears to be 
upon us - and it’s a 
very different contest 


THE NEW RACE FOR THE MOON 


} / WORDS: ELIZABETH PEARSON 


Will China be next 


fo send a man to the 
Moon, or can another 
country get there first? 


t’s been 47 years since Neil Armstrong took humankind’s 

first step on another world and the US ‘wor’ the Space 

Race. But only three years later, the Apollo programme was 

abruptly cancelled. For the next few years, the Soviets 
continued to send sample-return probes, but after a successful 
mission in 1976 they too ceased their programme and the Moon 
remained unvisited for nearly 40 years. 

Now that’s all changing. In December 2013, China’s Chang’e 3 
lander touched down on our nearest neighbour, the first of many 
planned missions. The surface of the Moon is about to get a lot 
busier as a new Space Race begins to heat up. 

China is not the only Asian country with lunar ambitions. 
India, Japan and South Korea are already racing to make a soft 
landing before the end of the decade. They have a lot to catch up 
on; China is currently over halfway through its five-part Chang’e 
mission programme of robotic lunar exploration. 

The first two probes were orbital missions launched in 2007 
and 2010, followed by Chang’e 3, which landed on the Moon 
in December 2013, releasing its Yutu rover. The fourth 
instalment was initially created as a back up for the Chang’e 3 
lander mission, but after the latter’s success it is being 
reconfigured, potentially to land on the Moon’s far side in» 
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other nations with concerns of being outpaced. 

But one country in particular is keen to keep up. 
“I think the current Space Race that’s going 

on is between India and China,” says Johnson- 

Freese. “It’s pretty much a one-way race. China, 

very smartly, just doesn’t even acknowledge it. But 

India is playing a very hard game of catch up.” 


Indian ideals 

In October 2008 the Indian Space Research 
Organisation (ISRO) sent its first mission, 
Chandrayaan-l, to orbit our lunar companion. 
Now it is preparing to launch a lander before 

the end of the decade. ISRO has already proven 
that it can launch massive space missions on a 
limited budget: in 2014 the Mars Orbiter Mission 
successfully reached Mars at fraction of the cost 
of previous spacecraft. 

“India is still a relatively new player in lunar 
exploration,” says James Clay Moltz, a professor at 
the Naval Postgraduate School in Monterey, California, 
and author of Asia’s Space Race. “It may not have the 
budgetary resources to compete one-for-one with 
China, but it wants to be seen as still in the race.” 

It is this desire to be ‘seen in the race’ that has 


4 The Chang’e 3 lander 
dropped a new lunar 
rover to the surface: Yutu 


< China's second 
lunar probe, Chang’e 2, 
produced good images 


>India’s first orbiter 
likewise delivered 
exceptional results 
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v Chandrayaan-1, seen 
here during development, 
was India’s first lunar probe 


> 2020. Meanwhile Chang’e 5, a sample-return 
mission, is slated for launch in 2017. 

Given the huge gap since the last soft-landing 
Moon mission — the Soviet Union’s Luna 24 in 
1976 — China’s progress may seem rapid, but it has 
been a long time in the making. The initial plan for 
the programme was laid down over 25 years ago in 
1990, but rather than speed through development as 
Russia and the US did in the 1960s, China has had 
the luxury of taking its time to get things right. 

“The Chinese didn’t decide [eight] years ago to 
make this happen,” says Joan Johnson-Freese of the 
US Naval War College and advisor to US Congress 
on China’s space programme. “They are nothing if 
not prudent and they want success.” 

This ‘slow and steady’ tactic has meant that the 
Chinese lunar programme is progressing well, leaving 


CORBIS, CHINESE STATE ADMINSTRATION OF SCIENCE, ISRO, ISRO/ISAC, JAXA, 


THINKSTOCK, NASA/JPL X 2, SPACE RESEARHC INSTITUTE (IKI) 
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Japan’s SELENE was a 
success, but more recent 
projects have stalled 


most countries aiming for the Moon, as they 

try to keep up with China even if there isn’t a 
realistic chance of matching it. One country that 
is particularly worried about being overtaken is 
Japan, says Moltz. “Officials in Tokyo worry that 
China’s space accomplishments could translate 
into the future loss of sales of Japanese high-tech 
goods outside of the space field,” he explains. 
“They fear the consequences of being left behind.” 

In 1990, Japan launched the Hiten orbiter, then 
the first lunar mission in almost 15 years. More 
recently, however, the Japanese programme has 
been plagued with delays and funding problems. 
Following on from the success of its SELENE 
orbiter in 2007, Japan hoped to follow up with a 
lander, but budget cuts have pushed the launch 
date further back and the project is struggling 
to move from planning to development. 

While many countries find their space agencies 
are constantly fighting their governments for the 
funding they need, the same is not true in South 
Korea. This year the nation’s space agency is 
accepting plans for an orbiter mission to launch in 
2018, and hopes to follow up with a lander by 2020. 


The unintentional racers 
As many nations clamour to keep up, the Chinese 
government’s official stance takes pains to make 
clear that it is not attempting to outrun anyone 
when it comes to space travel. “The international 
community should work together to maintain the 
everlasting peace and sustainable development 
of outer space,” says Chinese foreign ministry 
spokesman Hong Lei. 

Johnson-Freese notes that China has “repeatedly 


voiced its welcoming of international participants”. 


And it’s not the only nation that is keen to work 
with others to achieve its goals. Lunar missions 
are hugely expensive, and spreading the load 
between nations is one way of easing this cost. “If 
you talk about going back to the Moon it would be 
logical to go as an international venture,” she adds. 
“Unfortunately logic and politics are very often 
not used in the same sentence.” 

If getting your own government to work on 
a lunar mission is difficult, the challenges are 
amplified when two or more are involved, and 
many attempts at joint lunar missions have already 
fallen flat. The Russian Federal Space Agency’s 


THE NEW RACE FOR THE MOON 


WHY SHOULD WE GO BACK? 


During the first Space Race, the prime 
mofivation for lunar missions was 
political posturing. Though international 
prestige is still important, it is no longer 
enough to justify the huge expense. 
Increasingly, space agencies have to 
provide long-term plans for the Moon. 

The idea of using the Moon as a 
waypoint for travel to Mars or even 
deep space has been around for decades. 
A geologist numbered amongst the 
last of the Apollo astronauts, and more 
were due to fly before the project's 
cancellation. Even now, orbiters have 
been searching for vital resources that 
could be used for future travel. 

The Moon is also a source of minerals 
that are in short supply on Earth. The 
growing electronics market has driven 
up prices of rare metals such as gold, 


A permanent outpost would 
be vital to making the most 
of the Moon’s resources 


platinum and palladium, and they are 
rapidly becoming hard to find. Our 
neighbour is also a bountiful source of 
helium-3, the main fuel for fusion reactors 
that scientists hope will one day 
supply the world with clean power. 
However, to fully exploit the Moon’s 
potential resources a permanent outpost 
would have to be built on the surface. 
Though at first this seems like the 
stuff of science fiction, it might not be 
far off. Though a manned colony is 
unlikely to be established any time 
soon, several nations have considered 
setting up a robotic base. Japan hopes 
to begin work on such a venture by 
2020, while NASA and ESA are both 
investigating the possibility of using 
3D printers to build the mechanical 
workers in situ out of the lunar dust. 


4 Not all collaborations 
work well; the failure 

of Phobos-Grunt had a 
knock-on effect for India 
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(Roscosmos) current Moon effort, the Luna-Glob 
programme, was originally meant to carry India’s 
Chandrayaan-2 rover. Unfortunately, after the 
failure of Russia’s Phobos-Grunt mission to Mars 
in 2011, Roscosmos pushed the launch date back, 
leaving India in the lurch. Now ISRO is building > 
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coogi , 


Astrobotic 


Astrobotic plans to keep ferrying customers to the Moon long after the 
prize has been awarded. With several national space agencies and 
commercial companies on board, it’s well on its way to doing so. As 
well as the rover, Andy, the mission’s initial Griffin lunar lander will 
transport rovers from fellow teams HAKUTO and AngelicvM, creating a 
literal space race as they compete to travel the required 500m first. 


Out of the 16 entrants for the prize 
a few are closing in on a 2017 se 


Moon Express 


With ambitions to one day mine the Moon for its resources, Moon 
Express is led by Dr Andrew Aldrin, son of Apollo 11 astronaut Buzz. 
They were the first team to perform a flight test of their MX-1 lunar 
lander prototype, demonstrating the probes guidance, navigation and 
control systems. They have also signed a deal with Rocket Lab to 
perform at least three launches from 2017. 


Part-Time Scientists 


Including members from all around the world, the Part-Time Scientists 
are a group of over 100 scientists, engineers and computer specialists. 
They are already partnered with several space companies and 
agencies (including NASA) to take experiments to the lunar surface, 
and hope to eventually run a mission to the remains of Apollo 17, 

to find out how the materials have fared in the last half century. 


Team Indus 


Indian Team Indus has already shown that their HHK1 lander has 
the propulsion and navigational ability to land on the Moon. Though 
they have yet to sign a contract, the team plan on using an Indian 
rocket, provided by the nation’s space agency. As with much of 

the country’s space programmes, their emphasis is on low cost 

yet reliable hardware, building a rover to last. 
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paceX’s Falcon 9 
may be used to launch 
future 


issions 


THE NEW RACE FOR THE MOON 


THE NEXT MAN ON THE MOON 


The first Space Race was centred around 
putting a man on the Moon and returning 
him safely to Earth. It was this goal 
that caught the imagination of the 
world then, and it still grips many now. 

Unfortunately, going back to the 
Moon is a minefield of political and 
financial pitfalls. For every politician 
who dreams of returning, there is 
another who sees it as a waste of time 
and resources. This is true in every 
country with lunar ambitions. As 
manned missions cost 10 times that of 
unmanned missions, the mountain of 
bureaucracy is 10 times as high. 

It's possible that such a mission could 
be mounted as an international effort, 


with each nation bringing not only 
extra funding but different expertise 


and technologies. It is possible that a 
project akin to the International Space 
Station could one day set us back on 
our celestial companion. It would, 
however, only exacerbate the 
bureaucratic challenges that come 
from organising a lunar mission. 

The only country on track to land a 
man on the Moon by itself is China. Its 
Shenzhou manned flight programme 
has shown the nation has the know-how 
fo support humans in space and in Chang‘e 
it has demonstrated its capability of 
delivering missions to the Moon. But 
the programmes are run separately 
and are funded by different agencies, 
so there could still be quite a 
wait fo find out who will be 
next to walk on the Moon. 


» its own lander. Phobos-Grunt also had a Chinese 
orbiter on board, which failed along with it. China 
and Russia had been in talks for many years to 
mount a joint Moon mission but this setback meant 
that the mission has yet to materialise. 

“Chinese scientists at this point take the very 
pragmatic view of ‘why would we want to work 
with anybody else? We’re doing very well and 
working with anyone else would just slow us 
down’,” says Johnson-Freese. 

However the two nations still cooperate. Russia 
sold many of its outdated rockets and research to 
the Asian nation, helping Chinese progression. 
Similarly, ESA played a supporting role during 
China’s latest Moon landing by supplying tracking 
data and telemetry to Beijing mission control. 


FUTURE 
LUNAR 
MISSIONS 
ATA 
GLANCE 


Political indecisiveness 
Lending aid to other countries is pretty much 
the limit of Europe’s lunar dreams. “Europe does 
not have any very well-defined plans for the Moon 
at the moment, either robotic or human,” says 
Chris Welch, a professor at the International 
Space University in Strasbourg. 

Instead, ESA is focusing more on helping other 
nations that wish to pursue the Moon, staying in 


the race without actually running in it. The agency ahora Aand5 
did have ambitions to launch a lunar lander, but 2020 and 2017 
these were put on hiatus in 2012 due to financial India 
problems as member states changed their minds ® | Chandrayaan-2 
about the project and pulled their support. 2017-2018 

The ever-changing face of government policy Japan 
means that lunar missions are often the victim 3 SELENE 2 
of party politics. In the US, President George No date 
W Bush set up the Constellation programme to US 
send a man back to the Moon by 2020, only to Law bohor Aegnieslant 

‘ ‘ : 2017 

have it scrapped by his successor. To avoid the : 
uncertain world of government-funded agencies, ro ee 
where entire departments can be cut at a stroke, 2017.2019 


potential space explorers are increasingly looking 
towards the private sector. 
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The evolution of 
world politics brings 
new challenges to 


a manned return 
~ ier 


A new field of lunar missions are appearing 
from these new players, spurred on by the Google 
Lunar X Prize, a $30 million award to the first non- 
government agency that can land on the Moon by 
the end of 2017. The aim of the competition is to put 
a rover on the Moon capable of travelling at least 
500m and transmitting high-definition images back 
to Earth. The teams do not need to be able to launch 
their probes themselves, instead relying on launches 
from other private companies such as SpaceX. 

It’s hoped that the prize will spur on the nascent 
lunar travel industry and it seems to be working. 
Many of the teams are backed by companies that 
hope to set up new businesses based on the Moon. 
As such, most are taking their time to establish 
sound business strategies and reliable hardware, 
making sure they can not only get to the goal once, 
but can get there again afterwards. Though the 
Lunar X Prize may be a competition, who wins the 
race is largely irrelevant. It’s who makes it to the 
finish line at all that matters. 

A new Space Race is mounting, on both a private 
and a national level, and over the coming years 
we can expect to hear much more news from the 
surface of our nearest neighbour. 
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A telescope | 
for thee 
ar Side 


There’s one telescope on the Moon already 


— so why would another on the lunar far side 
an altogether much more exciting prospect? 


Radio astronomers have a hard 
time in the 21st century. The global 
proliferation of mobile phones, 


microwaves, TVs and radar generates telescope on the near side is pointless sae 
an electromagnetic ‘smog’ that — there is already one there. The —_"s - 
frequently interferes with (and Chinese Chang’e 3 lander, best known : 
sometimes obliterates) the faint for ferrying the now defunct Yutu _ 
signals from billions of lightyears rover to the lunar surface in 2013, also a 
away that they wish to study. Sadly, carried a 6-inch near-ultraviolet — 
this is a battle that radio astronomers telescope. Ultraviolet images are : - . 
are frequently losing this battle, nearly impossible to capture from ee > _ 
which is why they are turning their Earth because of our atmosphere. To — —_ 
attention to the Moon. date, the telescope — the first on the “ Z 

A telescope sited anywhere on Moon to be controlled from Earth —_ 3 
the Moon has two immediate —has been operated for 2,000 hours, =~ - 
advantages over an earthbound monitored 40 stars and returned a 
instrument: there is neither local grainy glimpse of the Pinwheel Galaxy. - a — 
light pollution nor atmospheric However, the far side of the Moon oe 


disturbance to contend with. A 

radio telescope situated on the 

lunar near side would be a distinct 
improvement, but given the ability 
to construct larger (and hence more 
sensitive) radio telescopes in the 
Moon’s lower surface gravity, human 
electrical interference would be all 
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too evident even from a quarter of 
a million miles away. 
That is not to say that placing any 


offers further benefits still. A radio 
telescope situated there would be 
shielded from Earth’s electromagnetic 
interference by nearly 3,500km of rock 
— it would almost be like our planet 
didn’t exist. Plus the two-week, frigid 
lunar night would make it easy to keep 
sensitive detectors super cold. 
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~ FORWARD THINKING 


WE NEED A MOONBASE TO 
EXPLORE THE STARS 


Space travel is challenging and perilous, but 
our satellite could be the pertect training ground 


WORDS: LEWIS DARTNELL 


SPACEIS A pretty unforgiving and hostile 
place to travel through. Discounting 
the chance of a catastrophe, such as a 
micrometeorite impact depressurising 
your vessel, there are a number of 
hazards inherent to the environment 
within the spacecraft itself. The human 
body attempts to remodel itself to the 
microgravity, causing core support 
muscles to dwindle; your heart 
deteriorates; even your bones begin 

to weaken. These are just the effects 
astronauts are aware of as soon as 

they return to Earth. 

In 2013, Nandu Goswami and 
colleagues from the Medical University 
of Graz put together a good case for 
going back to the Moon to overcome 
these concerns — and many others. 

Astronauts also experience 
psychological difficulties from being 
cooped up in a spacecraft with the 
same small bunch of people day in, 
day out. And though the view out of 
the window from low-Earth orbit 
may be stunning, combating sensory 
deprivation and keeping yourself 
engaged can bea real struggle. The 
crew of the Earth-based Mars500 


experiment, for example, found they 
were listless and slept badly for most 
of its duration. 


Issues for the future 

All of these issues need to be addressed 
if future long-term space missions 

—a human visit to Mars or a nearby 
asteroid to investigate the mining 


potential, perhaps — are to be successful. 


Efforts to understand and so prevent 
these issues are based on studies in 
situations similar to interplanetary 
space missions. 

Staff overwintering in Antarctic 
research bases provide a good insight 
into the psychological factors — in fact, 
in some ways they are in g far more 
remote and isolated situation than 
even on the Moon. If anything were to 
go wrong in the winter months, such 
as a medical emergency, it’s virtually 
impossible to get back to civilisation 
due to the weather — whereas the Moon 
is just a three-day flight home. But 
the South Pole doesn’t recreate the 
microgravity conditions and so is not a 
good test site for biological effects. On” 
the other hand, the International Space 


Station offers weightlessness, as well as 
an internal architecture more similar 
to any interplanetary spacecraft, but is 
still shielded from radiation by Earth’s 
magnetic field. 

Goswami and colleagues argue that 
the Moon is a “high-fidelity long- 
duration space exploration analogue”, 
which to the rest of us means: a good 
place to practice long space missions. 

A moonbase, they say, offers the perfect 
opportunity for us to learn about the 
physiological and psychological issues 
of an interplanetary mission, 
while keeping relatively 
close to Earth in case of 
an emergency. Thus, 
the Moon offers a great 
staging post for further 
space exploration, but 
is also an invaluable test 
site for all of the necessary 
technologies needed to keep astronauts 


healthy in body and mind. . 


And it’s not just the medical 
element. A moonbase would also 
allow us to develop other crucial skills 
for colonising outer space, such as 
constructing habitats and growing food. 
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